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IMPORTANT NOTICE 


Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


T! warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl’s standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily pelmen: except those mandated by 
government requirements. 


Please be aware that T| products are not intended for use in life-support appliances, devices, or 
systems. Use of T! product in such applications requires the written approval of the appropriate 
Tl officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of Tl products in such applications is understood to be fully at the risk of the 
customer using Tl devices or systems. 


Ti assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does T! warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1993, Texas Instruments Incorporated 


INTRODUCTION 


In this data book, Texas Instruments (T!) provides comprehensive information about Tl’s programmable 
logic devices (PLDs). These products have been developed to meet your performance and time to 
market requirements with efficient and effective products. Tl offers over 40 PLD products in the standard 
architecture with speeds ranging from the low-power 25-ns to the high-speed 5-ns devices. T| also offers 
the flexible ’22V10-architecture in the same speed range as the standard architecture product, including 
5-ns tpd. 


The 25-ns and 15-ns programmable bipolar devices utilize Tl’s IMPACT™ process while the high-speed 
bipolar devices utilize TIl’s IMPACT-X™ technologies. The IMPACT-X™ uses trench isolation and 
polysilicon emitters to increase performance. The IMPACT-XL™ process uses arsenic doped emitters 
and is optimized for low capacitance to achieve further improvements in performance. 


Besides the design and specifications data we have also included characterization data, packaging data, 
as well as process and die data to further assist you in designing with and qualifying Tl’s PLDs. All TI 
PLDs use a titanium-tungsten (TiW) fuse technology developed at TI to improve programming reliability. 


Thank you for selecting Texas Instruments as your PLD supplier. If we can be of further assistance or 
if you require more information please contact your local TI field sales office, authorized distributor, or 
TI’s PLD/FPGA Help Line at 214- 997-5666. 


IMPACT, IMPACT-X, and IMPACT-XL are trademarks of Texas Instruments Incorporated. 
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GLOSSARY 





INTRODUCTION 


These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of 
the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical commission 
(IEC) for international use. | 


PART 1— GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY 


Chip-Enable Input 
A control input that when active permits operation of the integrated circuit for input, internal transfer, 
manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to be in 
reduced-power standby mode. 
NOTE: See chip-select input. 


Chip-Select Input 
A gating input that when inactive prevents input or output of data to or from the integrated circuit. 
NOTE: See chip-enable input. 


Field-Programmable Logic Array (FPLA) 
A user-programmable integrated circuit whose basic structure consists of a programmable AND array and 
whose outputs feed a programmable OR array. 


Gate Equivalent Circuit 
A basic unit-of-measure of relative digital-circuit complexity. The number of gate-equivalent circuits is that 
number of individual logic gates that would have to be interconnected to perform the same function. 


Large-Scale Integration (LSI) 
Aconcept whereby a complete major subsystem or system function is fabricated as asingle microcircuit. In 
this context, a major subsystem or system, whether digital or linear, is considered to be one that contains 
100 or more equivalent gates or circuitry of similar complexity. 


Medium-Scale Integration (MSI) 
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The 
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that 
contains 12 or more equivalent gates or circuitry of similar complexity. 


Output-Enable Input 
A gating input that when active permits the integrated circuit to output data and when inactive causes the 
integrated circuit output(s) to be at a high impedance (off). 


Programmable Array Logic (PAL®) 
A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic 
functions. Implements sum of products logic by using a programmable AND array whose outputs feed a 
fixed OR array. 


PAL is a registered trademark of Advanced Micro Devices Inc. 


% 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 | 1-5 





GLOSSARY 





Small-Scale Integration (SSI) 
Integrated circuits of less complexity than medium-scale integration (MSI). 


Typical (TYP) | | 
A calculated value representative of the specified parameter at nominal operating conditions (Voc = 5 V, 
Ta = 26°C), based on the measured value of devices processed, to emulate the process distribution. 


Very-Large-Scale Integration (VLSI) 
A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a 
system, whether digital or linear, is considered to be one that contains 3000 or more gates or circuity of 
similar complexity. | 
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PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 


C 


Co 


fmax 


HH 


li 


los (lo) 


loZH 


loZL 


input capacitance 
The internal capacitance at an input of the device. 


Output capacitance 
The internal capacitance at an output of the device. 


Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that should 
cause changes of output logic level in accordance with the specification. 


Supply current 
The current into* the VCC supply terminal of an integrated circuit. 


High-level input current 
The current into* an input when a high-level voltage is applied to that input. 


Low-level input current 
The current into* an input when a low-level voltage is applied to that input. 


High-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 


Low-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 


Short-circuit output current 

The current into* an output when that output is short-circuited to ground (or other specified potential) with 
input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). | 


aceite (high-impedance-state) output current (of a three-state output) with high-level voltage 

appli 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a 

high-level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the siiputie 
be at a low level if it were enabled. 


ee (high-impedance-state) output current (of a three-state output) with low-level voltage 

applied 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a 

low-level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the output to 
be at a high level if it were enabled. 


* Current out of a terminal is given as a negative value. 
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Vin High-level input voltage 

An input voltage within the more positive (less sapativel of the two ranges of values used to represent the 

binary variables. 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 

operation of the logic element within specification limits is guaranteed. 

Vik Input clamp voltage 

An input voltage in a region of relatively low differential resistance that serves to limit the input voltage 

swing. 

ViL Low-level input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent the 

binary variables. 

NOTE: Aminimum is specified that is the most-positive value of low-level input voltage for which operation 

of the logic element within specification limits is guaranteed. 

Vou High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product SpECMCatCM will 
establish a high level at the output. 

VoL Low-level output voltage | 
The voltage at an output terminal with input conditions applied that, according to product specification, will 
establish a low level at the output. 

tdis Disable time (of a three-state output) 
The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from either of the defined active levels (high or low) to a high-impedance 

| (off) state. (tgis = tpyz Or tp; 7). 

ten Enable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with 

the three-state output changing from a high-impedance (off) state to either of the defined active levels (high 

or low). (ten = tpzH OF tpz,). 
th Hold time 
The time interval during which a signal is retained at a Species input terminal after an active transition 
~ occurs at another specified input terminal. . 

NOTES 1: The hold time is the actual time interval between two signal events and i is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is guaranteed. 

tod Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from one defined level (high or low) to the other defined level. (tog = tpH_ or tpLH). 
TEXAS 
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tPHL 


tpHz 


tPLH 


tpLz 


tpZH 


tpZL 


tsk(o) 


teu 


tw 


Propagation delay time, high-to-low level output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined high level to the defined low level. 


Disable time (of a three-state output) from high level | 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the three-state output changing from the defined high level to a high-impedance (off) state. 


Propagation delay time, low-to-high level output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined low level to the defined high level. 


Disable time (of a three-state output) from low level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the three-state output changing from the defined low level to a high-impedance (off) state. 


Enable time (of a three-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined high level. 


Enable time (of a three-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined low level. 


Output Skew | 
The time interval between any two propagation delay times when a single switching input or multiple inputs 


switching simultaneously causes multiple outputs to switch, as observed across all switching outputs. 


Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 

transition at another specified input terminal. 

NOTES 1: The setup time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 


 2.The setup time may have a negative value in which case the minimum limit defines the longest 
interval (between the active transition and the application of the other signal) for which correct 
operation of the digital circuit is guaranteed. 


Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform. 
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EXPLANATION OF FUNCTION TABLES 


The following symbols are used in function tables on TI data sheets. 


H = _high level (steady state) 
L = lowlevel (steady state) 
T = transition from low to high level 
+ = transition from high to low level | 
— = value/level or resulting value/level is routed to indicated destination 
¥\ = value/level is reentered 
X = irrelevant (any input, including transitions) 
Z = _ off (high impedance) state of a 3-state output 
a... = the level of steady-state inputs A through H respectively 
Qo = ‘the level of Q before the indicated steady-state input conditions were established 
Qo = complement of Qo or level Q before the indicated steady-state input conditions were established 
Qn = _ level of Q before the most recent active transition indicated by 1 or T 
JL = onehigh-level pulse | 


“LJ = one low-level pulse 
TOGGLE = each output changes to the complement of its previous level on each transition indicated by J or T 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the RECKUENeS in which it is achieved. The output 
persists so long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with T or J, this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qo, or Qo), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown asa pulse, L or LJ , the pulse 
follows the indicated input transition and persists for an interval dependent on the circuit. 
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ORDERING INFORMATION 





PLD NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


Factory orders for leadership PLD circuits described in this catalog should include a nine-part type number as 
explained in the example below. Exclude the prefix when ordering standard PLDs or One-Time Programmable Logic 
Devices. 


EXAMPLE: TIB PAL 16 R 8 -5 Cc N 


Prefix ef 
TIB = Bipolar PLD 

TIC = CMOS PLD 

Product Family Designator 
Number of Array Inputs 

Output Configuration Designator 


R = Registered 
L = Active Low 











Number of Outputs in the 
Designated Configuration 


Performance Designator 


HIGH-SPEED LOW-POWER 
A A-2 


“5 “25 


Temperature Range 
C = Commerical (0°C to 75°C) 

| = Indrustal (~40°C to 85°C) 

M = Military (-55°C to 125°C) 


Package Type 

N = 20-pin Plastic DIP 
N = 28-pin, 600-mil Plastic DIP 
J = 20-pin Ceramic DIP 

NT = 20-pin, 300-mil Plastic DIP 

JT = 20-pin, 300-mil Ceramic DIP 

FN = Plastic Chip Carrier 

FK = Ceramic Chip Carrier 

W = Ceramic Flat Pak 
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PROGRAMMER AND SOFTWARE MANUFACTURERS 





ADDRESSES FOR PLD AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS 


ACUGEN Software Inc. 
427-3 Amherst St. 
Suite 391 

Nashua, NH 03063 
(603) 891-1995 


Advin Systems 

1050-L East Duane Ave. 
Sunnyvale, CA 94086 
(408) 984-8600 


BP Microsystems 
10681 Haddington 
Suite 190 

Houston, TX 77043 
(713) 461-9430 


Bytek Corporation 

508 Northwest 77th St. 
Boca Raton, FL 33487 
(407) 994-3520 


Data I/O Corporation 
10525 Willows Road N.E. 
Redmond, WA 98073 
(800) 247-5700 


ISDATA GmbH 

Daimlerstr. 51 

W-5700 Karlsruhe 21 

Federal Republic of Germany 
0721/75 10 87 


Logic Devices Inc. 

1201 N.W. 65th Place 

Ft. Lauderdale, FL 33309 
(800) 331-7766 
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MINC Incorporated 

6755 Earl Drive | 
Colorado Springs, CO 80918 
(719) 590-1155 


ProLogic Systems Inc.* 
2100-C West 6th Ave. 
Broomfield, CO 80020 
(303) 460-0103 

* Formerly Inlab Inc. 


SMS 

Im Morgental 13 

8994 Hergatz 

Federal Republic of Germany 
(49) 755-5018 


Stag Microsystems 
1600 Wyatt Drive 
Santa Clara, CA 95054 
(800) 227-8836 


System General Corporation 
510 South Park Victoria Drive 
Malpitas, CA 95035 

. (408) 263-6667 


Texas Instruments Incorporated 
P.O. Box 655303, MS 3686 
Dallas, TX 75265 

(214) 997-5666 
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IMPACT™ DESIGN AND SERVICE CENTERS 





Design and programming assistance is offered by Texas Instruments IMPACT™ Design and service Centers. The 
centers are equipped with the latest in software and hardware tools for design, debugging, creating prototypes, and 
production on a local basis. Supported by a professional engineering staff, the centers provide complete code 
development, device programming, symbolization, functional and static (dc) parametric testing. 


Anthem Electronics, Inc. 
1160 Ridder Park Drive 
San Jose, CA 95131 
(408) 453-2200 


Anthem Electronics, Inc. 
373 Inverness Drive South 
Englewood, CO 80112 
(303) 790-4500 


Arrow/Schweber Electronics, Inc. 


17822 Gillett Avenue 
Irvine, CA 92714 
(714) 587-0404 


Arrow/Schweber Electronics, Inc. 


1180 Murphy Avenue 
San Jose, CA 95131 
(408) 441-9700 


Arrow/Schweber Electronics, Inc. 


4250 River Green Parkway 
Suite E 

Duluth, GA 30131 

(404) 497-1300 


Arrow/Schweber Electronics, Inc. 


665 Spice Island Drive 
Sparks, NV 89431 
(800) 777-Arrow 


Hall-Mark Electronics Corp. 
1 Mauchly 

Irvine, CA 92715 

(714) 727-6000 


Hall-Mark Electronics Corp. 
2105 Lundy Avenue 

San Jose, CA 95131 

(408) 432-4000 


Hall-Mark Electronics Corp. 
6 Cook Street 

Pinehurst Park 

Billerica, MA 01821 

(508) 667-0902 


Hall-Mark Electronics Corp. 
11420 Pagemill Road 
Dallas, TX 75243 

(214) 553-4300 


Marshall Industries 
9320 Telestar 

E] Monte, CA 91731 
(818) 307-6208 


Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 


Marshall Industries 

33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 


Marshall Industries 
2045 Chenault Street 
Carrollton, TX 75008 
(214) 233-5200 


Wyle Electronics Marketing Group 
5191 Oceanus 

Huntington Beach, CA 92649 
(714) 863-9953 


Wyle Electronics Marketing Group 
3000 Bowers Avenue 

Santa Clara, CA 95051 

(408) 727-2500 


Wyle Electronics Marketing Group 
452 East 124th Avenue 

Thornton, CO 80241 

(303) 457-9953 


Wyle Electronics Marketing Group 
1810 Greenville Avenue 

Dallas, TX 75081 

(214) 235-9953 


IMPACT is a trademark of Texas Instruments Incorporated. 
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EP330 SERIES 
HIGH-PERFORMANCE 8-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICES 


SRES002A — 03374, OCTOBER 1989 — REVISED SEPTEMBER 1992 






N PACKAGE 
(TOP VIEW) 


@ Programmable Replacement for 
Conventional TTL, 74HC, and 20-Pin PLD 
Family 


@ High-Voltage EPIC™ Process Allows for 
Higher Performance as Follows: 
Maximum tpg: -12C... 12 ns 

-15C...15 ns 
-251 ...25ns 


@ User-Programmable Output Logic 
Macrocells Provide Flexibility in Output 
Types With: 

Selectable for Registered or 
Combinational Operation 

Output Polarity Control 

Independently User Programmable (TOP VIEW) 
Feedback Path 


@ Programmable Design-Security Bit 
Prevents Copying of Logic Stored in 
Device 


@ Third-Party Advanced Software Support 
Featuring Schematic Capture, Interactive 
Netlist, Boolean Equations, and 
State-Machine Design Entry 





0 
/O 
/0 
I/O 
/0 


@ Package Options Include: 
20-pin Plastic Dual-In-Line (N) 
20-pin Plastic Chip Carrier (FN) 





ae Pin assignments in operating mode 
description 


general 


The EP330 features advanced-CMOS speed and very low power utilizing Texas Instruments High-Voltage 
Enhanced-Processed Implanted CMOS (HVEPIC) process. Each output has an Output-Logic-Macrocell (OLM) 
configuration that allows user definition of the output type. The EP330 provides a reliable low-power substitute 
for numerous high-performance TTL PLDs. 


The EP330can accommodate upto 1 8 inputs and up to eight outputs. The 20-pin 300-mil package contains eight 
macrocells each using a programmable AND/fixed-OR structure. This AND-OR structure yields eight product 
terms for the logic function as well as an individual term for Output Enable. 


AVAILABLE OPTIONS 


[—s*é<“‘C) O@PACKAGETYPEOO!O!O!O CY 
TA SPEED PLASTIC PLASTIC 
RANGE CLASS DUAL-IN-LINE CHIP CARRIER 
(N) (FN) 


; ; EP330-12CN EP330-12CFN 
a | ts EP SG0-TEON aE 
-40°C to 85°C | Ss Ss sé 330-25IN_——7 EP330-251FN 










EPIC is a trademark of Texas Instruments Incorporated. 
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description (continued) 


The EP330 output-logic macrocell allows the user to configure output and feedback paths for combinational or 


registered operation either active high or active low. With propagation delays of 12 and15 ns, the EP330 may 


be configured as a low-power substitute for popular fast PLD devices such as the PAL16XXB series or the 
’PAL16XX-12 and ’PAL16XX-15 series. 


The CMOS EPROM technology makes it possible for the EP330 to operate at an active power-consumption level . 
that is less than 75% of equivalent bipolar devices without sacrificing speed performance. This technology also 
facilitates 100% generic wafer testability using the UV-light erasable capability. As a result, designs and design 
modification can be quickly effected with a given EP330 without the need for post-programming testing. 


Programming the EP330 is made easy by the availability of extensive third-party support for design entry, design 
processing, and device programming. 


The EP3S0C is characterized for operation from O°C to 70°C. The EP330I is characterized for operation from 
—40°C to 85°C. : 


functional description 


Externally, the EP330 provides ten dedicated inputs (one of which may be used as a synchronous clock input) 
and eight I/O pins that may be configured for input, output, or bidirectional operation. 


The logic diagram shows the complete EPS330, while Figure 1 shows the basic EP330 macrocell. The internal 
architecture is organized with the familiar sum of products (AND-OR) structure. Inputs to the programmable AND 
array (shown running vertically in Figure 1) come from two sources: first, the true and complement of the ten 
dedicated input pins and second, the true and complement of the eight feedback signals, each one originating 
from an I/O architecture-control block. The 36-input AND array encompasses a total of 72 product terms 
distributed equally among the eight macrocells. Each product term (shown running horizontally in the logic 
diagram) represents a 36-input AND gate. _ 


As shown in the logic diagram, the outputs of eight product terms are ORed together, then the output of the OR 
gate is sent as an input to an exclusive-OR gate. The purpose of this exclusive-OR gate is to allow the user to 
specify the polarity of the output signal by using the invert-select EPROM cell (active high if the EPROM cell is 
programmed and active low if it is not programmed). 


The exclusive-OR output then feeds the I/O architecture control block. The control block configures the output 
for registered or combinational operation. In the registered configuration, the output is registered via a positive 
edge-triggered D-type flip-flop. In this condition, the feedback signal going to the array is also registered and 
comes directly from the output of the D-type flip-flop. In the combinational configuration, the output is 
nonregistered and the feedback signal comes directly from the I/O pin. In the erased state, the EP330 contains 
the same architectural characteristics as the ’PAL16L8. 
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logic diagram (positive logic) 
0 4 8 12 16 20 24 28 32 3 


CLK/I Lt aD 
DEPEREERUUODEEREREROOOOOOUOONREROT 
a el 
SRR RRGREEED a 
SSEESSESUESESSE=EOEESESUESTeceseceesso 
Pe ocean SSeS 00e eee 19 
22500500506 anne eile vo 
ae ae Gi oe ot eax ) > -] Architect re VO 
oaa2m eae oo SEE ‘eantrol. 
T —— 
rH — 
OE auaan = 
° eee Ht 
I i nll ES PEE 
as PERE EERE EEE EEE EEE EERE 18 
Os COs) > vo 
SEE eer etait es )_D 6 Architecture| 7 Vo 
00000000 50S eee Control 
7 8 A Sena ee @ ontro 
ss ee i 
I A eae BD as eae 
oe HL 4 
SCE ECEEEEEEEE 5 
0 HEE EEE HHH A 
Creer i ak © 
lal a el Ol lt Gt Sh eS ss © 17 
BREE EEE EEE VO vO 
OS A )D a Architecture| 1 
Pees Control 
Se eC 
4 rrr ann 
I Ap— LTT 2 i a ee << 
ete) eae sae eee) 
el 
a 8 AO 
Sees 
COC eer 16 
ut tt We tl Bt Gt al St © vO 
OO OO ) -] Architecture| 1 vo 
8 Gontral 
Se Ce onire 
5 CC oerern anne 
1 lLAHh—_ itt it it Gn ee eee < 
ee eee Sane 
BERARESR RGR RRR ERA TARR RRR 
ce So 
S000 RSP ee 
S000 RSS See, oe 15 
eee ees) VO V0 
So nt th 2 a a» TAr chitecture va 
CCC rer) Control 
7 Co re St sl 6 tt a tw eS (iC) ontro 
SeneRBGEEeS qa 
| Sy PET) eee < 
ee Gea eheae 
nea ETHEL HEHEHE ESE EEE 5 
a WB 22s eee a SSR S0 SSSR 
nan it CCCs 
a Ce ol os om BER ERE EERE EER ER 14 
ann Cee eee) vO 
2 eee See eee )_D @ Architecture| VO 
200000 PECEE CEES Control 
A A rR (Cc) ntro 
7 EEC i a 
I Ap—_i tipi tt yt cE RRRReS oe < 
~ PERE EEE THEE Hh Pits 
ACRE MOREE R Ree Aneel em 
CoCr Ceres 
Ts 6 et Gl Gt BB PEER 
COCR 13 
OS OO OS VO 
Oe ) "| Architecturel 7 vo 
SR SRS, Co i 
7 Sees ((C) ntro 
8 rrr EEE 
! ) <=GRauGRRGRuRRae on See << 


. SHUGHAGROURRGRGSEOREEGROGRRRERRR 
FESEEEEEEEE RECESSES 
Sa kt tt 12 
a -s 


ml 
See 2 a © 
ia Be Ba aa S202 ao a - Architecture vO 
rrr EERE EEE EEE ER FEES 
7 eee 
9 8 8 a 
i— >—_ eee PEE © 
ttt 11 
SSR eee aA I 








EXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-5 


EP330 SERIES 
HIGH-PERFORMANCE 8-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICES 


_ SRESO02A — D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992 


OE 


Product Terms 
Qo 


Clock 


1 ‘ 
3 § 7 #9 1 #13 #15 #+17 19 21 23 2 27 29 31 33 35 






me |_| vo 12 
EEE Architecture Hp 


Control 


Feedback 
1 2 3 4 5 6 7 


‘NOTES: A. This diagram shows one of the eight macrocells within the EP330. 


B. The double-arrow lines (+) show I/O feedback from a macrocell. 


Figure 1. Logic Array Macrocell 


output-enable product term 


The output enable (OE) product term determines whether an output signal is allowed to propagate to the output 
pin. If the output of the OE product term is low, then the output buffer becomes a high-impedance node, thus 
inhibiting the output signal from reaching the output pin. For combinational configurations, this OE product term 
can be used to allow for true bidirectional operation. 


The EP330 contains eight separate OE product terms, one per I/O pin. If it is desired that all outputs be enabled 
or disabled simultaneously, use an identically programmed product term at each of the outputs. If different 
outputs are to be enabled under different conditions, different OE product terms for each specific output may 
be defined. | 


//O architecture 


Figure 2 shows the different output configurations that can be chosen for any of the eight I/O pins on the EP330. 
Because of the individuality of each I/O architecture control block, both registered and combinational output can 
be chosen on a given EP330 device. 


In the combinational configuration, either active-high or active-low output polarity can be chosen. Pin feedback 
orno feedback is also optional. In the registered configuration, the user has control over output polarity and may 
choose to use the internal feedback path or no feedback. Any I/O pin can be configured as a dedicated input 
by choosing no output and no feedback from the array. In the erased state, the I/O architecture is configured 
for a combinational active-low output with pin feedback. 
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Clock 
(Pin 1) 











Feedback 
Se 


Select lect 





OUTPUT/POLARITY FEEDBACK 
Combinationaligh 
Gombinatonal/Low 










[None SiC Reiter 












(a) COMBINATIONAL CONFIGURATION (b) REGISTERED CONFIGURATION 


Figure 2. I/O Configurations 


PLD compatibility 


Figures 2(a) and 2(b) show how an EP330 can be configured as a drop-in replacement for two commonly used 
members of the 20-pin PLD family: the ’PAL16L8 and the ’PAL16R8. When configured in these manners, the 
EP330 is both a functional replacement, as well as a pin-to-pin replacement, for the ’PAL16L8 and ’PAL16R8. 


Tables 1 and 2 provide additional information concerning the EP330 as a replacement for the 20-pin PLD family 
of devices. 
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1 36-Input 
Programmable 
AND Array 


Invert Select EPROM cell is in the erased state providing active-low outputs. 
Combinational Mode is chosen providing Combinational Output with Input (Pin) Feedback. 
8-product-term OR gate compared to 7-product-term OR gate on ’PALI6L8. 

Pin feedback to the array at 12 through 19 is not available in ’PAL16L8. 





19 


18 


17 


16 


15 


14 


13 


12 


11 


Figure 3. EP330 Configuration for Replacing a ’PAL16L8 
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@ invert Select EPROM cell is in the erased state providing active-low outputs. 
@ Registered Mode is chosen providing Registered Output with Registered Feedback. 


@ Complement of pin 11 is used as common OE term for all eight output pins. 


Figure 4. EP330 Configuration for Replacing a ’PAL16R8 
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Table 1. Configurations for 20-Pin PLD Replacement 


EP330 EP330 OUTPUT/ FEEDBACK 
PART ee PIN NUMBER MACROCELL NUMBER SeeinacGn MODE POLARITY 


10H8 12-19 a. Combinational Comb/High | None | 
10L8 EB 8 ____ Combinational Comb/Low None __ 


Combinational None | 
12H6 1 ; 8 Combinational Comb/High 

+ Combinational None 
Combinational None 

12L6 1 eG 8 pe Combinational Comb/Low No 
19 1 Combinational None 
12-13 7-8 Combinational None 

14H4 14-17 3-6 Combinational Comb/High ir 
18-19 1-2 Combinational None 
12-13 7-8 Combinational None 

14L4 14-17 3-6 Combinational Comb/Low Nn ne 
18-19 ms Combinational None 



































































- = Combinational None 
16C1 Combinational Comb/Low 
Combinational Comb/High 
1 ey 9 Combinational None 
12-14 Combinational None 
16H2 15-16 2 Combinational Comb/High Sr 
17-19 1-3 Combinational : None 
12-14 6-8 Combinational None 
16L2 15-16 4-5 Combinational Comb/Low Nr 
1 S 9 1-3 Combinational None 
16H8 8 Combinational Comb/High/Z ae 
& 1 si 2-7 Combinational Comb/High/Z Comb 
— D8 1 Combinational Comb/High/Z None 
8 Combinational Comb/Low/Z None 
1 vi 2-7 Combinational Comb/Low/Z Comb 
1 a 1 Combinational | Comb/Low/Z None 
























12-13 7-8 Combinational Comb/Low/Z = mb 
14-17 6 Registered Reg/Low/Z 
1 = 9 Combinational Comb/Low/Z site 
Combinational Comb/Low/Z a 
1 ; 8 Registered Reg/Low/Z 
Co del data nal Comb/Low/Z Hiss 


TOR za i Rogitow2 [Fea 





Combinational Comb/Option/Z None 
16P8 1 8 Combinational Comb/Option/Z Comb 
Combinational Comb/Option/Z None 
o 3 Combinational Comb/Option/Z Comb 
16RP4 14-17 Registered Reg/Option/Z Reg 
= 9 t Combinational Comb/Option/Z Comb_ 
Combinational Comb/Option/Z Comb 
16RP6 1 - 8 m Registered Re/Option/Z Reg 
Combinational Comb/Option/Z Comb 


16RPS Pa a: ee Registered Reg/OptiovZ | Reg 
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Table 2. Device Specificationst 


SYMBOL PARAMETER HIGH-SPEED EPLD HIGH-SPEED PLD SERIES '16XXB/-15 
TePaa0-12¢ [ EPO00-150 | PALIGLOB/-18 | _"PALIGREE/-16 
[Tog [Supp current acive 180 mA 180 mA 



















loc 
[tod | _Inputtononregistoredoutput_| i2ne__| tone_| tons] SNA 
[toot | Clocktooutputdelay =| ns | 10ne | sSNA «|S 
[tu | _Inputsotuptime =| ons «|= ore ~S| SSCA SSC*dESSCStS MCS 
[—tinax | Max frequenoy 





T Over commercial temperature range 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Voc (See Note 1)... eee c cece cece eee eect cent ete n eee eeeenens -0.3Vto7V 
Instantaneous supply voltage range, Voc (tS 2O NS)... ee cee ee ee ee eens —-2Vto7V 
Programming supply voltage range, Vpp .... cece cece eee tc eee cece eee e eee ee nee eeenees -0.3V to 14V 
Instantaneous programming supply voltage range, Vpp (tS 20 NS) 1... cece eee cece eee —-2Vto 14V 
INDUEVONSOG (ANG, Vii. sweiewscsnwevecereiiowawehiaan tan vede ses tGueue de uneeewnets -O0.3Vto7V 
Instantaneous input voltage range, Vj (tS 20 NS) 1... cece ce eee erect e eee eee —-2Vto7V 
Veco OrGND Cunent (ange: is ist043 ves tawidcne taki eu awewaseselange te waceeoa -160 mA to 160 mA 
Operating free-air temperature range, TA... cece cece cece renee e eee ee eee tenes aneeeees —65°C to 135°C 
Slorade (EMNerAtUIE Tange? .4css.eu cy weceiren tener ives sobre ete eee gatas ~65°C to 150°C 


NOTE 1: All voltage values are with respect to GND terminal. 
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recommended operating conditions 












Voc Supply voltage | 4.75 5.25 
fy Plus raion, UK Hghorew a 
ie emaelin  e ee e 
ie ene 
[AL SAS ESE OE 
fg Felting Iipet 





NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 


electrical characteristics over recommended ranges of supply voltage and free-air temperature 


(unless otherwise noted) 
EP330-12C 
EP330-15C 


7 PARAMETER UNIT 
MIN TYP! MAX 







TEST CONDITIONS 






[Von Highevelouiputvolage | Voo=475V, lon=—12mA | 
[Vou towdeveleuiputvoiage _[Voo=475V, lo, =24 mA ee) 
Vi = 525 Vor GND 
[oz Ofstato output ourent 
[loc Suppycurent_____[f=1MHz, _Noload, Programmedas an @-bicounter_| 4875] _mA_] 
[Gy Output capacitance [Voc =5V, _Vo=0, f= 1 MHz 
[Gaye Clock capacitance [Voc =8V, Voik=0, f= 1 MHz 





T All typical values are at Voc = 5 V, Ta = 25°C. 
The input capacitance at pin 11 is 20 pF maximum when used as a programming pin and with Vpp = 14 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 5) 











Win foaback ae ee na 
With ntorl feedback ro 
With external feedback ks aT 
od1 _—sInput to nonregistered output delay (see Note 3) a) 
toga _‘(I/O to nonregistered output delay (see Note 3) PB 
tio /O input and buffer delay (see Note 3) Iocse veges 









fmaxt Maximum frequency 











fae 
a 
807 
i es 
7 ne 
ont Minimum clockperod (nema) —————SSSSCSC~S~SSSC“‘CSN™SC*OLOOCOC*D 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Ti data sheets or to those 
shown in glossaries in T| data books is coincidental. The meanings may not be the same. 


1 1 
a ree ith j be ae 
Sar hlght 4 low ,fmax with internal feedbac ere 








£ fmax with no feedback = 


1 
tsu + too 
fmax with internal feedback is programmed as an 8-bit counter. 


NOTES: 3. This parameter is measured with only one output switching. 
4. This is for an output voltage change of 500 mV. 


fmax with external feedback = 
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|V; Input voltage ‘ 0 Voc 


‘Vi__ Low-level'input voltage (see Note 2) | 
tw Pulse duration, CLK high or low Sas 
teu Setup time, input | 15 0s 

4 oem eee ee ey ee ee 
tr Rise time, input a a 

SLT a a IT (AERC 

TA Operating free-air temperature 


[Roy towel ouput tage —[Voo=45¥, lo =24mA 
loz _‘ Off-state output current Voc =5.5V, Vo=VocorGND 
f= 1 MHz, No load, Programmed as an 8-bit counter | 
Veo=5VVi=2v, f= 1 Wi 2 A ae 
[oo Ouput capacitances | Voo=8 Vo = 2, f= 1H Po oe 
Colk Clock capacitance Voo =5V, VoLK=2V,  f=1MHz Pe AO PR 


MaIAadd LONGOUd 


EP330-25l 
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recommended operating conditions 


TT RE SL 
Voc Supply voltage 4.5 5.5 
























NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels only. 


electrical characteristics over recommended ranges of supply voltage and free-air temperature 
(unless otherwise noted) | 








switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 5) 
| 













PARAMETERt 
With no feedback 

fmax® Maximum frequency With internal feedback 41.6 
With external feedback 28.5 


tod Input to nonregistered output delay (see Note 3) 7 
topd2 1/0 to nonregistered output delay (see Note 3) 





M 








tio I/O input and buffer delay (see Note 3) 

too Clock input to registered output delay (see Note 3) 
tpxz Output disable time (see Note 4) | 

tent Minimum clock period (internal) 


T All typical values are at Vog = 5 V, Ta = 25°C. 
Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to those 
shown in glossaries in T! data books is coincidental. The meanings may not be the same. 


1 1 
| = SLAP IA SITIO AL ETE EET OE EIT i i d = eben Te 
§ fmax with no feedback high su , {max with internal feedback 7? 


1 
_ isu + too 
fmax with internal feedback is programmed as an 8-bit counter. 
NOTES: 3. This parameter is measured with only one output switching. 
4. This is for an output voltage change of 500 mV. 


tpzx _Outputenable time (see Note 4) . 


NO] PS 


prs 
pins 
ec 
pote 
ines 
pian 
sine 


25 
25 
24 





fmay with external feedback = 





PRODUCT PREVIEW Information concerns products in the formative or 

design phase of development. Characteristic data and other specifications 

are design goals. Texas Instruments reserves the right to change or Ti 

discontinue these products without notice. | EXAS 
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PARAMETER MEASUREMENT INFORMATION 


functional testing 


The EP330 is functionally tested through complete testing of each programmable EPROM bit and all internal 
logic elements, thus ensuring 100% programming yield. 


Voc 
160 QO 
Device To Test 
Output System 
82 0 C, = 35 prt 


T includes probe and circuit capacitance. Equivalent loads may be used for testing. 


Figure 5. Dynamic Test Circuit 


design security 


The EP330 contains a programmable design-security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied or retrieved. Therefore, a very high level of design control is achieved since programmed data within 
EPROM cells is invisible. The bit that controls this function, along with all other program data, may be reset by 
erasing the cells in the device. 


latch-up 


The EP330 input, I/O, and clock pins have been carefully designed to resist the latch-up that is inherentin CMOS 
structures. The EP330 pins will not latch up for input voltages between —1 V and Vcc + 1 V with currents up 
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns. 


Although the programming pin (pin 11) is designed to resist latch-up to the 13.5-V limit, during positive-current 
latch-up testing, the verify mode (pin 1) and program mode (pin 11) can be inadvertently entered into, causing 
current flow in the pins. This should not be construed as latch-up. | 
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PARAMETER MEASUREMENT INFORMATION 


Input or 1/0 x 
| . 


(¢— tod —>I 
| 
Combinational Output x 
| 
j4— tPXZ 
Combinational or High-Impedance State 
Registered Output 
| al 'pzx = 
High-iImpedance State 
Valid Output 
(a) COMBINATIONAL MODE 
tr-—p| jt— tw >| tr —>| i¢—— ty —— | 
| | | | 
| 
| i— toy —Pi—Pr—- th 


| | . 
Input or I/O May Change input Input or /O May Change 


le— too —Pl 


~___ FromfagetertoOurt {wou 
From Register to Output Valid Output . 


(b) SYNCHRONOUS CLOCK MODE 


NOTES: A. Rise time (t,) and fall time (t—) < 3 ns 
B. twis measured at0.3 V and 2.7 V. Allother timing is measured at 1.5 V, except tpz7x and tpx7z which are measured for an output voltage 
change of 500 mV. 
C. Input voltage levels at0 V and3 V 


Figure 6. Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


VS 
FREQUENCY 












8-Bit Counter 


Change in Propagation Delay Time — ns 


CHANGE IN PROPAGATION DELAY TIME 


VS 
LOAD CAPACITANCE 


13 
12+ Voc=5V 

Ta = 25°C 
117 R1= 1509 
10+ R2=820 
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Figure 8 


CHANGE IN PROPAGATION DELAY TIME 


vs 
NUMBER OF OUTPUTS SWITCHING 
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Number of Outputs Switching 


Figure 9 
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NT PACKAGE 
(TOP VIEW) 


@ Programmable Replacement for 
Conventional TTL and 74HC Devices 


@ Virtually Zero Standby Current 
Typ 20 pA 


@ Low Operating Current: 
loc max (turbo bit on)...90 mA 
loc max (turbo bit off)...10mA 


@ High Performance CMOS Process Allows: 
Maximum tpg: - 15C ... 15 ns 
- 20C...20ns 
- 251... 25ns 


@ Asynchronous Clocking of All Registers or 
Banked Register Operation From 
2 Synchronous Clocks 





FN PACKAGE 
@ Sixteen Macrocells With Configurable I/O (TOP VIEW) 


Architecture Allowing for up to 20 Inputs 
and 16 Outputs 


@ User-Programmable Output Logic 
Macrocells Provide Flexibility in Output 
Types with: 

Selectable for Registered or 
Combinational Operation 

Output Polarity Control 

independently User Programmable 
Feedback Path 


@ Programmable Design Security Bit 
Prevents Copying of Logic Stored in 
Device 


® Third-Party Advanced Software Support NG-No internal connection 
Featuring Schematic Capture, Interactive 
Netlist, Boolean Equations, and State 
Machine Design Entry 





AVAILABLE OPTIONS 


TA PLASTIC PLASTIC 
RANGE DUAL-IN-LINE CHIP CARRIER 
PACKAGE (PDIP) PACKAGE (PLCC) 


0°C to 70°C EP630-15CNT EP630-15CFN 
i EP630-20CNT EP630-20CFN 
—40°C to 85°C EP630-25INT __EP630-25|FN 











Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include Ti 
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description 


general 


The Texas Instruments EP630 is capable of implementing over 600 equivalent gates of SSI and MSI logic 
functions all in plastic and ceramic space-saving 24-pin, 300-mil dual-in-line (DIP) packages and 28-pin 
chip-carrier packages. It uses the familiar sum-of-products logic, providing a programmable AND with a fixed 
OR structure. The device accommodates both combinational and sequential (registered) logic functions with 
up to 20 inputs and 16 outputs. The EP630 has a user programmable output logic macrocell that allows each 
output to be configured as a combinational or registered output and feedback signals active high or active low. 


A unique feature of the EP630 is the ability to program D, T, SR, or JK flip-flop operation individually for each 
Output without sacrificing product terms. In addition, each register can be individually clocked from any of the 
input or feedback paths available in the AND array. These features allow a variety of logic functions to be 
simultaneously implemented. | 


The CMOS EPROM technology reduces the power consumption to less than 55% of equivalent bipolar devices 
without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing. 


Programming the EP630 is made easy by the avallanilty of extensive third-party support for design entry, design 
processing and device programming. 


The EP630-15C and EP630-20C devices are characterized for operation from 0°C to 70°C. The EP630-25} is 
characterized for operation from —40°C to 85°C. 


functional 


The EP630 uses a CMOS EPROM technology to implement logic designs in a programmable AND logic array. 
The device contains a revolutionary programmable I/O architecture that provides advanced functional capability 
for user programmable logic. 


Externally, the EP630 provides 4 dedicated data inputs and 16 I/O pins, which may be configured for input, 
Output, or bidirectional operation. Figure 1 shows the EP630 basic logic array macrocell. The internal 
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND 
array come from true and complement signals from the 4 dedicated data inputs and the 16 I/O 
architecture-control blocks. The 40-input AND array encompasses 160 product terms, which are distributed 
among 16 available macrocells. Each EP630 product term represents a 40-input AND gate. 


Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product term 
is used for clear control of the macrocell internal register. The remaining product term is used for output 
enable/asynchronous clock implementation. 


Thereis an EPROM connection atthe intersection point of each input signal and each productterm. In the erased 

state, all connections are made. This means both the true and complement forms of all inputs are connected 
to each product term. Connections are opened during the programming process. Therefore, any product term 

may be connected to the true or complement form of any array input signal. 


When both the true and complement forms of any signal are left intact, a logical false state results on the output 
of the AND gate. If both the true and complement connections are open, then a logical “don’t care” applies for 
that input. If all inputs for the product term are programmed open, then a logical true state results on the output 
of the AND gate. 


Two dedicated clock inputs provide synchronous clock signals to the EP630 internal registers. Each of the clock 
signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and CLK2 
controls registers associated with macrocells 1-8. The EP630 advanced 1/O architecture allows the number of 
synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are 
positive-edge-triggered. | 
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functional block diagram 
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Pin numbers in ( ) are for DIP packages; pin numbers in [ ] are for the chip-carrier package. 


/O architecture 


The EP630 input/output architecture provides each macrocell with over 50 possible I/O configurations. Each I/O 
can be configured for combinational or registered output, with programmable output polarity. Four different types 
of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic requirements. I/O 
feedback selection can also be programmed for registered or input (pin) feedback. Another benefit of the EP630 
[/O architecture is its ability to individually clock each internal register from asynchronous clock signals. 
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| Vcc Select 
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Pin numbers are for the NT package. 


Figure 1. Logic Array Macrocell (Macrocell 1 Illustrated) 


OE/CLK selection 


Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation 
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP630 I/O 
pin. In Mode 0, the 3-state output buffer is controlled by a single product term. If the output of the AND gate is 
true, the output buffer is enabled. Ifthe output of the AND gate is false, the output buffer is in the high-impedance 
state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock input. After 
erasure, the OE/CLK select multiplexer is configured in Mode 0. 


In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an 
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual 
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals 
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation. With 
the clock now controlled by a product term, gated clock structures are also possible. 
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MODE 0 MODE 1 
OE = P-Term Controlled OE = Enabled 
CLK = Synchronous CLK = Asynchronous 
Synchronous Synchronous 
Clock Clock 





Macrocell Macrocell Macrocell Macrocell 
V Output /O Output 
Register Buffer . Register Buffer 
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via 
common to seven other Macrocells. The output is enabled by the the productterm. This allows for gated clocks that may be generated 
logic from the product term. from elsewhere in the EP630. 


Figure 2. OE/CLK Select Multiplexer 


output/feedback selection 


Figure 3 shows the EP630 basic output configurations. Along with combinational output, four register types are 
available. Each macrocell I/O may be independently configured. All registers have individual asynchronous clear 
control from a dedicated product term. When the productterm is asserted, the macrocell register will immediately 
be loaded with a zero independent of the clock. On power-up, The EP630 performs the clear function 
automatically. 


When the D or T register is selected, eight product terms are ORed together and made available to the register 
input. Theinvert select EPROM bit determines output polarity. The feedback-select multiplexer enables register, 
I/O (pin), or no feedback to the AND array. 


Ifthe JK or SR registers are selected, the eight product terms areshared between two OR gates. The invert select 
EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no feedback to the 
AND array. 


Any I/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is 
obtained by disabling the macrocell output buffer. In the erased state, each I/O is configured for combinational 
active-low output with input (pin) feedback. 
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Lad ’ 


VO SELECTION 


; > OUTPUT/POLARITY| FEEDBACK 
° ) >—> 


Combinational/high | Pin, None 





Combinationalfow Pin, None 
Invert 
ie és Select None Pin 
a O O 
O 


Feedback 


(= Select 


(a) COMBINATIONAL 


Synchronous 
Clock OE/CLK 
Voc Select 


—t 
OE 


VO SELECTION 


OUTPUT/POLARITY FEEDBACK | 





















D Register/high D Register, Pin, None 
D Register/low D Register, Pin, None 
None D Register 


None Pin 








D | FUNCTION TABLE 
) > > INPUTS OUTPUT 

invert CLR CLK OD Q 

Select - L + L L 

CLR L T H H 

| L L X Qo 

H X X L 
: C) 

| ; 

C) O 


Feedback 


| @ Select 


(b) D-TYPE FLIP-FLOP 


Figure 3. i/O Configurations 





¥ 


INSTRUMENTS 


2-24 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


EP630 SERIES 
HIGH-PERFORMANCE 16-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICES 


SRES001B— D3357, OCTOBER 1989 — REVISED MARCH 1992 


Synchronous 
Clock OE/CLK 
Voc _ Select 


pe 
OE 


VO SELECTION 


OUTPUT/POLARITY FEEDBACK 


T Register/fhigh T Register, Pin, None 
T Register/low T Register, Pin, None 
None T Register 

None Pin 




















G Invert cll C1 CLR CLK T 


Select L 7 





. & 
° ) > .> r = S FUNCTION TABLE 
INPUTS OUTPUT 
= a 


L 
L Tt 4H 
L L X 
H X X 





KI 


Feedback 
G Select 


(c) TOGGLE FLIP-FLOP 


Synchronous 
sear OE/CLK 
Select 


ws VO SELECTION 
OE JK Register/high JK Register, None 
JK Register/liow JK Register, None 
None JK Register 
7) 
FUNCTION TABLE 


all C1 SUR OLR Pe 
8-N ) > ICLR CLK J K | CLK 
- 


G Invert 
Sel 
CLR elect 


Feedback 


G Select 


Figure 3. l/O Configurations (Continued) 
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(d) J-K FLIP-FLOP 
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N 


8-N 


Synchronous 
Clock OE/CLK 
Voc _ Select 


VO SELECTION 


OUTPUT/POLARITY FEEDBACK 


SR Register/high SR Register, None 


mx _ 
SR Register/low . SR Register, None 


(cS None | SR Register 
| : 
) > id > FUNCTION TABLE 


j@ > INPUTS OUTPUT 
Q 


ie R CLR CLK 8 R 
Undefined 


@ Invert 

$s 

CLR elect 

= Qo 
KE 7 


Feedback 
Select 


















(e) S-R FLIP-FLOP © 


Figure 3. I/O Configurations (Continued) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Voc (SQ Note 1)... cece cece eect eee e eens en teeeeenes -0.3Vto7V 
Instantaneous supply voltage range, Voc (tS 20 NS) .........065- re ee ee eee —2Vto7V 
Programming supply voltage range, Vop ....eseeeeeeeeeee rene eens eeeteeeeeees ee —0.3V to 14V 
Instantaneous programming supply voltage range, Vpp (ts 20 (NS). Soss ee eater ssa ta ce wees —2Vtoi4V 
INPUT VOUACeTANGe: Vii s4¢a.cotacveaenmeen ee ancn cen er eatatenGraceu ei aue keer sueeuas -0.3Vto7V 
Instantaneous input voltage range, Vj (tS 20 NS) 1... cece cee eee eee eee e teenies —-2Vto7V 
Vee Ot GND CUnenttanGe ncucensseceseeete es pees etectovedesateeseeeerenee —175 mA to 175 mA 
Operating free-air temperature range, Ta .... eee ec c cece cece een e eet e eee eeeeenenees —65°C to 135°C 


SlOFADS EMPSIAUFE TANKS: ~isivitaravoionteahie eden tase va eeotactadeedsfons —65°C to 150°C 


NOTE 1: All voltage values are with respect to GND terminal. 
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recommended operating conditions 


TT 
3 
| ; 


2 Vocor0.3 
-0.3 0.8 
CLK input 
t Rise ti 
Other inputs lraeac es, oe A 

CLK input ee) 
ty Fall time Z 

Other inputs | ee) 


Ta Operating free-air temperature 


NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 

























electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 7 


PARAMETER TEST CONDITIIONS | MIN == MAX] UNIT 


















| Voo=475V, ioH=—4 mA ; 
VOH High-level output voltage GMOS Voo=475V lon =o mA 
VoL __ Low-level output voltage Voc = 4.75 V, loL=4mA 
MN Input current Voc = 5.25 V, Vi = Voc or GND 
loz Off-state output current Voc = 5.25 V, Vo = Voc or GND 























Voo= 5.5%, 
loc Supply current Co ried ae I 

No load cr 
0 
Vo=0,f=1MHz, _Ta=25°0 





Colk Clock capacitance V)=0, f=1 MHz, TA = 25°C 20 


NOTES: 3. When in nonturbo, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
4. These parameters are measured with the device programmed as a 16-bit counter and f = 1 MHz. 
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switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


combinational mode, turbo bit on 


aaa is ) —[ereseis6_| EP690-200 
iisballadl eee aay ae ae 











od 1 input to nonregistered output delay | ee 
| ced Ed 3 
Es 1 
hee) er (7 eee) eae 


tio VO input buffer delay Pe eh eae oe 


combinational mode, turbo bit off 


PARAMETER? | TEST CONDITIONS 


nd1 Input to nonregistered output delay 


pd2 I/O input to nonregistered output delay OL = 35 pF 

t Output enable ti OL = 35 pF 

x a a : me ; : See Note 5 
tPXZ Output disable time C= 5pF 


tio I/O input buffer delay 





synchronous clock mode, mode 0 © 


erases | epesez06 
PARAMETERT TEST CONDITIONS [MIN MAX | MIN MAX | 


No feedback ee 
internal feedback re 











fmax Maximum frequency 





External feedback® ae 
Glock to output delay time eee Ee NO) 
Minimum clock period (register See Note 6 
feedback to register output) 
Asynchronous output | Turbo bit on O. = 35 pF PB 20 
clear time Turbo bit off es 





T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in T| data books is coincidental. The meanings may not be the same. 

1 


tch + by 


fmax With internal feedback = aa 


nt 


+ fax with no feedback = 


1 


tsu + toot 
fmax with internal feedback is programmed as a 16-bit counter. 
Use tgy and tego for a device programmed with the turbo bit on. 
NOTES: 5. This is for an output voltage change of 500 mV. 
6. These parameters are measured with device programmed as a 16-bit counter. 


fmax with external feedback = 
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switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


asynchronous clock mode, mode 1 


PARAMETERt TEST CONDITIONS 














fmax Maximum frequency* | internal feedback 55.5 
Se aT LT ee 

001 dela tie LT SL Se Ae Sem | Rell 
Minimum clock period (register . 

crt feo eter ov es oe ee 
Reyechronous ouput 

‘clr clear ime poeta 35 —al | 









timing requirements over recommended ranges of supply voltage and free-air temperature 
synchronous clock mode, mode 0 













= Gace 1 aE Bel WE SA ag 
Tubobtof —sC~=“‘~*~*~‘“‘~*sSCSC“‘“‘ON'”SW™~C*” 

iy _inpithoidtime——SSCSCSCSCSSSSCSCSCSCSCSCSSSSC*dY id 

ch _Olockhigh pulse duration —__———SSSCSCSCSCSSCCSCSCSCST id id 

fe) Glockiow pulse duration SSCS Sd | 





asynchronous clock mode, mode 1 





PARAMETERt EP630-15C EP630-20C UNIT 


a, ieeceans Turbo bit on se 
Es Turbo bit off 


tah__Input hold time EO | 
tach Clock high pulse duration a aes a ee 
tacl___Clock low pulse duration ae eee a ee 


Tt Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other T| data sheets or to those 
shown in glossaries in T! data books is coincidental. The meanings may not be the same. 


ty. qwithing teadbeck = U 
max eg ee gee re 
tach + tacl 


1 
acnt 








fmax With internal feedback = 





1 
tasu + taco 


fmax With internal feedback is programmed as a 16-bit counter. 
Use tgy and tog 4 for a device programmed with the turbo bit on. 


fmax With external feedback = 
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recommended operating conditions 






















aaa ES Ee 
| 
Other inputs 
GLK input ane) 
NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 


electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 
[ MIN” MAX] UNIT | 





PARAMETER TEST CONDITIONS 



















| Voo=45V, oH =—4 mA | 

VOH High-level output voltage Voo =4.5V, ion = 2A 

loz __Off-state ouput current 
~~ Voc=55V,  [SeeNotes —s«| —=SSS~=«*SO TA 

loc Supply current [Nonturbo] Vi = Vg or GND, 
No load [SeoNotes «| —SSSCSC=*O 

Ci Input capacitance 

Vi=0, f=1MHz,  Ta=25°C 


NOTES: 3. When in nonturbo, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
4. These parameters are measured with the device programmed as a 16-bit counter and f = 1 MHz. 





% 


TEXAS 
INSTRUMENTS 


2-30 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


EP630-251 
HIGH-PERFORMANCE 16-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICE 


SRES001B ~ D3357, OCTOBER 1989 — REVISED MARCH 1992 





switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (uniess otherwise noted) 


combinational mode, turbo bit on 


tod Input to nonregistered output delay Cy = 35 pF 


tod? /O input to nonregistered output delay 


tpzx Output enable time CL = 35 pF See Note 5 
tp Output disable time CL = 5 pF 


tio 1/O input buffer delay 





combinational mode, turbo bit off 








PARAMETERT TEST CONDITIONS | MIN MAX| UNIT | 

tod1 Input to nonregistered output delay C) = 35 pF | a 

tod2 /O input to nonregistered output delay | AT] ons 
ipzx Output enabled oe 

PZX utpu leg e we L = 35 pF See Note 5 | ons | 

tpxz Output disable time Cy = 5 pF eS 

ti VO input buffer delay aes ae ee 













synchronous clock mode, mode 0 


PARAMETERT TEST CONDITIONS | MIN MAX | UNIT 


No feedback 
Internal feedback | 600 MHz 
External feedback’ rage" 









fmax Maximum frequency 








ion Obok output daly ime ie SR el RN (SEE 
Minimum clock period (register 
font feedback to register output) ee None 28] ne 






tolr peyierolous output | Turbo 2 on C, = 35 pF 
clear time Turbo bit off 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in T! data books is coincidental. The meanings may not be the same. 

1 


tch + tol 


fmax with internal feedback = gts 


nt 





+ f max with no feedback = 


1 


tsu + toot 
fmax with internal feedback is programmed as a 16-bit counter. 
$ Use tgy and too 1 for a device programmed with the turbo bit on. 
NOTES: 5. This is for an output voltage change of 500 mV. 
6. These parameters are measured with device programmed as a 16-bit counter. 


fmax with external feedback = 
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switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


asynchronous clock mode, mode 1 


PARAMETER TEST CONDITIONS MMA UNIT 


No feedback 


Internal feedback = MHz 


External feedbacks 














fmax Maximum frequency? || 












eas Clock to output Turbo bit on fsrme 
| delay time Turbo bit off 





Minimum clock period (register 
feedback to register output) 
ty, Asynehronous ouput eee poor 
clear time Turbo bit off 


. timing requirements over recommended ranges of supply voltage and free-air temperature 
synchronous clock mode, mode 0 


PARAMETER | MIN MAX | UNIT 

































meee Turbo biton 16d 
sel ciacalieli Turbo bit off 3 
th Input hold time a es 
tch Clock high pulse duration | 100—C—t—é“‘L;*‘éssS 
to Clock low pulse duration | 6 1000—C—té“‘dL;*‘*ésSSC 
asynchronous clock mode, mode 1 
PARAMETERT | MIN MAX | UNIT 
Turbo bit on eo 
Input setup time 
ee Turbo bit of a 
input hold time ee eee 
-_ Clock high pulse duration a 
tacl Clock low pulse duration | 6 1000—~C~*é“‘<‘| 





T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in Tl data books is coincidental. The meanings may not be the same. 


+ fmax With no feedback = an 
tach + tacl 


fmax with internal feedback = 





acnt 
1 
tasu + tacot 


fmax With internal feedback:is programmed as a 16-bit counter. 
$ Use tgy and tog{ for a device programmed with the turbo bit on. 


fmax With external feedback = 
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functional testing 


The EP630 is functionally tested through complete testing of each programmable EPROM bit and all internal 
logic elements, thus ensuring 100% programming yield. As a result, traditional problems associated with fuse 
programmed circuits are eliminated. 


design security 


The EP630 contains a programmable design security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied nor retrieved. A very high level of design control is thus achieved since programmed data within EPROM 
cells is invisible. 


turbo bit 


This family of EPLDs contains a programmable option to control the automatic power-down feature that enables 
the low-standby-power mode of the device. This option is controlled by a turbo bit that can be set by the design 
software. When the turbo bit is on, the low-standby-power mode is disabled. This renders the circuit less 
sensitive to Voc noise transients created by the power-up/power-down cycle when operating in the low-power 
mode. The typical Icoc versus frequency data for both the turbo-bit-on mode and the turbo-bit-off (low-power) 
mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. 


latch-up 


The EP630 input, I/O, and clock pins have been carefully designed to resist latch-up which is inherent in CMOS 
structures. None of the EP630 pins will latch up for input voltages between —1 V to Voc + 1 V with currents up 
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns. 


Although the programming pin (pin 11) is designed to resist latch-up to the 14 V device limit during positive. 
current latch-up testing, the verify mode (pin 1) and program mode (pin 11) can’be inadvertently entered into 
thereby causing current flow in the pins. This should not be construed as latch-up. 


device programming 


The EP630 can be programmed using certified third-party programming equipment. Please contact Texas 
Instruments applications department at (214) 997-5666 for current status of third-party programming support. 





PARAMETER MEASUREMENT INFORMATION 


5V This figure shows the test circuit and the conditions under which dynamic 

measurements are made. Because power supply transients can affect 

855 Q dynamic measurements, simultaneous transitions of multiple outputs 

Device To Test Syst should be avoided to ensure accurate measurement. The performance of 
Output a ll threshold tests under dynamic conditions should not be attempted. 


Large-amplitude fast ground-current transients normally occur as the 
340 2 ct device outputs discharge the load capacitances. These transients flowing 
through the parasitic inductance between the device ground terminal and 
the test-system groundcan create significant reductions in the observable 
input noise immunity. 
T Includes jig capacitance 
Equivalent loads may be used for testing 


Figure 4. Dynamic Test Circuit 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT | SUPPLY CURRENT 
vs vs 
MAXIMUM FREQUENCY SUPPLY VOLTAGE 
10 a ee 






a iia oer aed ALL 
oe | ee ot oa tH 7 


mall | 
Ht Turbo Bit On THC a 
mill! ee ei 


eee ae oo nts cote erat Rae ma a Fa | ce com wn om fo bs comme Mney Gen oe I OS NRE Se OL |) feNneNE RD Om ne 


re eee ee Oe ON)! cee Sane ot Ol! a oon na os a A Os!) Me a OUT! 






10 


SAE eee ei cee Oe oe Oe LL Cort — tr 
oe So oem ew manet 
Seaiiionmas cit amt 1 HH Hi 
ii 


Se ma ga at 


ee een es | ace eee ee ee et ee mS ees Meee! a ate ne mn OO enn Sines en on On| sma meme ene ee em Ft 
Lae ee 8 a eee aes nn 8 1 es ee ee Loh oAadhok Shih ovancbesesdeshaahadh Ah L wamsdeendlaad-cl shed hil 
















feel oom it tt nee 1 Seta 4a ae 
= 





wantl 4 mame 


at 4 
Hr ita iia Turbo Bit Off Hi 


si an ee 


a ee ss eee eee ae me ae a ee net can ae ms | manne ee ane me MO eS cons See mw ne es) me See ee 
ao ae ss emee oee oe Sts eee aan Sn we ww Bs: SURE Sun On OY 917) Siena a Wn ow OSs mee Geen one O 
ee ee. COE wmwst: 

am Patt athe 2a A Sh | | 


ae au inane TT 
HHH Ht tH 
Sail esi Hit Veo =5V tH 






loc — Supply Current 
(Normalized) 






0.1 











icc — Supply Current — mA 


a eel Normalized to 1 at 
Voc = SV, Ta = 25 °C, 





Ta = 25°C 
ve Peni CECI CUCU vit i and = 1 MHz. 
100 1k 10k 100k 1M 10M 100M 4.5 4.75 5 §.25 §.5 
fmax — Maximum Frequency — Hz Voc — Supply Voltage — V 
Figure 5 _ Figure 6 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
SUPPLY VOLTAGE NUMBER OF OUTPUTS SWITCHING 


Normalized to 1 at 
Voc =5V, 

———~ Ta = 25 °C, and with 
4 Outputs Switching. 


_ Propagation Delay Time 
(Normalized) 
Propagation Delay Time 
(Normalized) 


Normalized to 1 at 
Voc =5/V, 

Ta = 25 °C, and with 
4 Outputs Switching. 





“412 3 4 5 6 7 & 9 1011 12 13 14 15 16 





4.5 4.75 5 5.25 5.5 
Voc — Supply Voltage — V Number of Outputs Switching 
Figure 7 Figure 8 
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Input or I/O x 
| : 


| 
Lo. ee 
Combinational | 
Output 
| 
—— tpxz — 
Combinational or High-impedance State 
Registered Output Valid Output 
| | 
\j+——_ tpzx ——r 
High-impedance State 
Pv indicorp pee = : : Valid Output 
le——— tor ——> 


| 
Asynchronously 
Registered Output \ Clear Output 
(a) COMBINATIONAL MODE 


ale aman ~ te e— tel 
| 


| 


| 
1 ty 7 th = 


e— teoy P| 


ES | i 
Registered Output Valid Output 


(b) SYNCHRONOUS CLOCK MODE 


ee 


a tach > << tach i 


Asynchronous 
Clock Input 


u tasu>le— calbay 


none ILL X "XL 


— tco1 —> 


ee | a 
Registered Output Valid Output 


(c) ASYNCHRONOUS CLOCK MODE 


NOTES: A. Input and 1/O pulse levels are 0 to 3 V and t, = ts < 2 ns. 
B. Allmeasurements are made at 1.5 V except toj and to}, are measured at 0.3 V and 2.7 V respectively and tpzx and tp are measured 
for an output voltage change of 500 mV. 


Figure 9. Switching Waveforms 
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FN PACKAGE 
(TOP VIEW) 


@ User-Configurable LSI Circuit Capable of 
Implementing 2100 Equivalent Gates of 
Conventional and Custom Logic 


® High-Performance CMOS Process Allows: 
Maximum tpg: - 20C ... 20 ns 


- 25C...25 ns 
-30C...30ns 
- 251...25 ns 
-301...30ns 


@ Low Operating Current: 
loc max (standby)... 150 pA 
loc max (turbo bit off). ..40 mA 
loc max (turbo bit on)... 225 mA 


@ Programmable Clock Option Allows 
Asynchronous Clocking of All Registers or 
Banked Register Operation From 
4 Synchronous Clocks 





@ Programmable Asynchronous Clear of All eggegggggos ggggggga 


Registers O 


@ Forty-Eight Macrocells With Configurable 
VO Architecture Allowing for up to 64 
Inputs and 48 Outputs 


@ Macrocell Flip-Flops can be Individually 
Programmed as D-, T-, JK-, SR-Type 
Flip-Flops or for Combinational Operation 


@ Programmable Design Security Bit 
Prevents Copying of Logic Stored in 
Device 


@ Available Third-Party Design and 
Programming Support 


AVAILABLE OPTIONS 


TA SPEED PLASTIC CHIP CARRIER 
RANGE CLASS (PLCC) 
ree 20s CEP 1880-200 
[___251ne_____| EP 1890-250FN 
pee EP1890-251FN 
80s 1890-B0TFN 













description 
general 


The EP1830 series of CMOS EPLDs from Texas Instruments offer LSI density, TTL equivalent speed 
performance and low power consumption. Each device is capable of implementing over 2100 equivalent gates 
of SSI, MSI, and custom logic circuits. The EP 1830 series is packaged in a 68-pin J-leaded plastic (one-time 
programmable) Chip Carrier. 


Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current es of publication date. , 4 Copyright © 1991, Texas Instruments Incorporated 
testing of ali parameters. 
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The EP1830 series is designed as an LSI replacement for traditional low-power Schottky TTL logic circuits. Its 
speed and density also make it suitable for high-performance complex functions such as dedicated peripheral 
controllers and intelligent support chips. Integrated-circuit count and power requirements can be reduced by 
several orders of magnitude allowing similar reduction in total size and cost of the system, with significantly 
enhanced reliability. 


The EP1830 uses a 1.0 ym CMOS EPROM technology employing EPROM transistors to configure logic 
connections. The EPROM technology allows 100% generic testing (all devices are 100% tested at the factory). 


Programming the EP1830 is made easy by the availability of third-party support for design entry, design 
processing and device programming. 


The EP1830-20C and EP1830-25C devices are characterized for operation from 0°C to 70°C. The EP1830-25| 
and EP1830-30I are characterized for operation from —40°C to 85°C. 


functional 


The EP1830 series use CMOS EPROM cells to configure logic functions within the device. The EP1830 
architecture is 100% user configurable, allowing the device to accommodate a variety of independent logic 
functions. Externally, the EP 1830 provides 16 dedicated data inputs, four of which may be used as system clock 
inputs. There are 48 I/O pins, which may be individually configured for input, output, or bidirectional data flow. 


macrocells 


The EP1830 architecture consists of a series of macrocells. All logic is implemented within these macrocells. 
Each macrocell, shown in Figure 1, contains three basic elements: a logic array, a selectable register element, 
and 3-state I/O buffer. All combinational logic such as exclusive-OR, NAND, NOR, AND, OR and inverted gates 
are implemented within the logic array. For register applications, each macrocell provides one of two possible 
flip-flop options: D or T. Third party software will allow design with JK or SR flip-flops, implementing these with 
the T flip-flop option. Each EP1830 macrocell is equivalent to over 40 2-input NAND gates. 


The EP1830 is partitioned into four identical quadrants. Each quadrant contains 12 macrocells. Input signals 
into the macrocells come from the EP1830 internal bus structures. Macrocell outputs may drive the EP1830 
external pins as well as the internal buses. Figure 2 illustrates a simple logic function that can be implemented 
within a single macrocell. Note that all combinational logic is implemented within the logic array, a JK flip-flop 
is selected, and the 3-state buffer is permanently enabled. 
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functional block diagram 
Quadrant A Quadrant D 




























vo 2 Macrocell 1 Macrocell 48 68 0 
vo : Macrocell 2 Macrocell 47 ee Ife) 
VO : Macrocell 3 Macrocell 46 aS vo 
vo © Macrocell 4 65 V0 
vo © Macrocell 5 64 V0 
vo £ Macrocell 6 ES vo 
vo 8 Macrocell 7 62 1/0 
vo 2 Macrocell 8 6! Yo 
V re) 10 SRS Mactoce SRR ae esate 60 I /0 
vO 11 er §9 vO 
vo 2 $8 V0 
vo 3 S70 
on > ae a 
i —- a 
i i¢-memcomncan aa 
ext 2 >a «— a < = eL Kal 
19 © §1 
cLk2i | james eed CLKaI 
= ne EK a 
12 > eneremnee aan 
ae > a «=n < =I 
vo -23 47 V0 
vo 24 46 10 
vo -28 45 10 
vo 2845 @ F Maciocei te Lap] Lest Len] Olen 44 V0 
vo af Macrocell 32 = V/O 
vo -28 Macrocell 18 Macrocell 31 42 0 


Global Macrocells 


Cj Local Macrocells 


vo 2 
vo 
vo 


Quadrant B 
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Each EP1830 macrocell consists of 3 basic components (see Figure 1) 


Step 1. A logic array for gated logic 

Step 2. A flip-flop for data storage (selectable options include D, T and software emulated JK and SR). 
The flip-flop may be bypassed for purely combinational functions. 

Step 3. A 3-state buffer to define input, output, or bidirectional data flow. 


3-STATE BUFFER 








Figure 1. Marcocell Components 


Typical logic function implemented into a single macrocell. Each EP1830 macrocell can accommodate the 
equivalent of 40 gates. 


Feedback 
EP1830 From Other 
Inputs MacrocellS 
 neaaeetaemtemeten jun is pikenentiometennteneienedematemntamatemetenstaetuninmtetemtemeten te piheuatemekemdeminlinnetoen iio + Filp-Flop 
| Logle Selection 
| Array ) > o 
Load 


| 
| 3-State 
| Buffer 
| 
| 


i 
oan 3 
=D HD rp (Be Pup 


Clear : >. @ 
| 


NA aERn le A SPR (CRTC Aen NE SE en NM Nae ee SAY Se Fen SN an See wee | 
To Other Equivalent Gates = 40 
Macrocells 








Figure 2. Sample Circuit 
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The EP1830 macrocell architecture is shown in Figures 3 and 4. There are 32 macrocells called local macrocells. 
These macrocells offer a multiplexed feedback path (pin or internal) which drives the local bus of the respective 
quadrant. 

There are another 16 macrocelis known as the global macrocells (see Figure 4). These global macrocells have 
features that allow each macrocell to implement buried logic functions and at the same time serve as dedicated 
input pins. Thus the EP1830 may have an additional 16 input pins giving a total of 32 inputs. The global 
macrocells have the same timing characteristics as the local macrocells. 


Quadrant 
Synchronous 
Clock oE/CLK 
Select 


Voc 





+——_————-_ GlobalBus  ———_-—» ¢——_ LocalBus -———»> 


0 


a 
Ft Seana 5 (RSNA Serene 1 Dens Fe DRI | IER Bee ree 


Control 


OE 





eo cee ae | ee |i 
<1 | es | ae | eens § are | 
Bias eae | ae: | [eae | EF | ees | 
‘LV @ @e £\ Neeeovef IK @ @ @ @ £\ 
Global Quadrant Quadrant 
Dedicated Inputs A, B, C, D Local Feedback 
(16 Inputs) Global Feedback (12 Macrocells) 


(16 Macrocells) 


Figure 3. Local Macrocell Logic Array 
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OE/CLK 


Product Terms 


0 
Ci ee ee 
en 
alee Ae lee ee 
: : a ei 
eA (RA 1 aOR © (| EG! 
Ss a a | ee ee ee 
A | A | 4 4 | A 


Quadrant 
Synchronous 
Clock CLK 
7 Select _OE 
<——_____——_ Global Bus ——________-» «———. LocalBus ———» cc : Select 







Local Bus 


‘ ; ‘ ; % ; Global Bus 
Global Quadrant Quadrant 
- Dedicated Inputs A, B,C, D Local Feedback 
(16 Inputs) Global Feedback (12 Macrocells) 


(16 Macrocells) 


Figure 4. Global Macrocell Logic Array 


clock options 


Each of the EP1830 internal flip-flops may be clocked independently or in user defined groups. The architecture 
allows for asynchronous clocking using the OE/CLK product term to provide input or internal logic functions as 
a clock. If this mode is used the output enable buffer cannot be controled by this product term. The flip-flops can 
be configured for positive or negative edge triggered operation with asyncronous clock mode. 


Four dedicated system clocks (CLK1 thru CLK4) also provide clock signals to the flip-flops. System clocks are 
connected directly from the EP1830 external pins. With this direct connection, system clocks give enhanced 
clock to output delay times than internally operated clock signals. There is one system clock per EP1830 
quadrant. When using system clocks, the flip-flops are positive edge triggered (data transitions occur on the 
rising edge of the clock). 


third party design support 


Texas Instruments is working in conjunction with several software manufacturers to provide excellent design 
software support for the EP1830. This support ranges from high level design entry compilers to schematic 
capture programs in which the designer may implement his design with standard TTL SS! and MSI based circuits 
such as counters, comparators, shift registers, etc. Please contact Texas Instruments applications hotline at 
(214) 997-5666 for current status of third-party programming support. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Vcc (See Note 1) 2... eee eee eee eee eens 0.3 Vto7V 
Instantaneous supply voltage range, Vag (tS 20 NS) 1... eee cette eee ee eee eens —2Vto7V 
Programming supply voltage range, Vpp .......... b atirola soit tapictaaed nies eter er Orda dee al ltviee ee aac —-0.3Vto 14V 
Instantaneous programming supply voltage range, Vpp (tS 20 NS) ..... cece ee eee eee ee eee —-2Vto14V 
INDUt VONAGE Tan; Vi couse eer coat orate ea cnad been meen Se awaeeuAe Oe Ree aes -0.3Vto7V 
Instantaneous input voltage range, Vj (tS 20 nS) ..... eee eee eee Te ee are ne —-2Vto7V 
Vee Of GND CuUIneNLTanGe ssi cn ss peateeusaceteieee eiaate ema en elon oe es bees ~300 mA to 300 mA 
Continuous total power dissipation at or below 25°C free-air temperature (see Note 2) ......... 1500 mW 
Operating free-air temperature, Ta 2.2... cece cece cece eee e tenet e cena eee eeeeeees —65°C to 135°C 
Storage TEMPEralUlG TANGG: & cigancssae bested exueu yak ee Fe wes Sme cosets caw wate eas —65°C to 150°C 


NOTES: 1. All voltage values are with respect to GND terminal. 
2. For operation above 25°C free-air temperature, derate to 180 mW at 135°C ata rate of 12 mW/°C 


recommended operating conditions 






IN MAY UNIT 
Voc _ Supply voltage 4.75 5.25 



























) CLK input 
tr Rise time Other inputs a) 

| 
t Falll time |Otherinputs 8 






TA Operating free-air temperature 


NOTE 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIIONS MIN TYP MAX | UNIT 
4 






















































Voo=475V, lon ==2mA 
IZ _Offtate output current 
Voo=525V, 
Ico Supply current Vi = Voc or GND, 
No load 
Cj Input capacitance Vj=0, f=1MHz, Ta =25°C 
Co Output capacitance Vo = 0,f=1 MHz, Ta = 25°C 
Cok Clock capacitance Vj=0, f=1MHz, Ta =25°C 











T All typical values are at Voc = 5 V, Ta = 25°C. 
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
5. These parameters are measured with the device programmed as four 12-bit counters and f = 1 MHz. 
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external switching characteristics and timing requirements over recommended ranges of supply 
voltage and operating free air temperature (unless otherwise noted) 


turbo-bit on (turbo mode) | 
| EP1830-20C EP1830-25C EP1830-30C 

upeeiatl TEST CONDITIONS —[~MIN_MAX| MIN MAX| MIN MAX] UNI 

imax __ Maximum clock frequency See Note 6 e225 ~+| 60 +| 417. ~+«| MHz | 

font ___ Maximum internal frequenoy See Note 7 [so + 40. +4 330. ~4Y MHz | 

od Input to nonregistered output delay ee) ee 




















od2___VO input to nonregistered output delay ae LCCC 
teu___ System clock setup time ee en ee teed 





[ns System dockholdtime +f Sid Cd Cd it 
ch System olockhigh——SCSC~iSCSCSC~C~CSC~C~S~S~sSSS Cd Cd td 
Tey System olockiow Sid SSCS Cd Cd Cd 
"coi System clockto oulputdelay | = 85pF +f |S] Ste 
eeu Ary ok eons ee 
Teh Array oockholdtime «dC Cd Cd tid 
Racoi Array dockto oulputdelay | SSCS SSCS EC 

Tent Minimum system clockperod = —SC~STSSC~ OSCSCSCtYESCSC« Yt 


turbo-bit off (non-turbo mode) 


+ EP1830-20C EP1830-25C EP1830-30C 
dossier TEST CONDITIONS — [MIN _MAX| MIN. MAX| MIN MAX 


fmax___Maximumolockfrequency | See Note | 625 | SOM 
[font___Maximum intemal frequency | See Note7 | 50] 4088.3 MH 
| a) a) ee 
5d2_ VO input to nonregistered output delay She pe 1) a 
tau ____Systemolocksetuptime | ts 
ths _Systemelookholdtime | ts 
lich ___Systemolockhigh Pt tts 
lic) Systemolocklow Pt tts 
[tcot__Systemclockto outputdelay | C= 35pF_ | Sts 
tasu__Array clock setup time es <<< 
fan Arrayclockholdtime Pt tts 
acot___Array clock to outputdelay | Ot 
ltont__Minimum system clockperiod | 8s 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

NOTES: 6. The fmax values shown represent the highest frequency of operation without feedback. 

7. This parameter is measured with the device programmed as four 12-bit counters. 
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internal timing requirements over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


turbo-bit on (turbo mode) 


+ EP1830-20C EP1830-25C EP1830-30C 
isiarniaiomi TEST CONDITIONS [MIN MAX] MIN MAX] MIN MAX| UNIT 


in Input pad and buffer delay ee ee 
VO input pad and buffer delay a NY | NE) 
lag Logie array delay eo 


















ie Ontario amy |S orcs pO 
a eT a AA) A a 
he. ouedumersubeie 7 oreo pneesnees 6 6 ee 
su Rego soup tne Ae SSER EL Aa GL PAN ARE 
in Resiter old ime So ae 
ae) pons | 

System clock delay | ons | 





tics eee 2 
tfq___ Feedback delay ae EE | NE) PRE) Ce 
tclr__ Register clear delay eee eee | es 2 eee 


turbo-bit off (non-turbo mode) 


lin _nputpadandbutferdslay [SCs SSC~—SSiYYSC‘“‘;CYTCCOCSC«dSCO 
Nig WO inputpadandbulferdelay |S SSSC~C~—t YESSY SCY 
Miag logioaray delay «dT SSSSCSC~d SSC 
[od Output pad andbilferdelay | O.=88pF | ef ef ——S~id re 
Tix Outputbuffer enabletime | L=85pF | of | 6| re_| 



















[xz _Outputbuffer disabletime | GL=6pRSeeNotes | 6] 6] ——~|_ne 
a eR BSL eS Sa ee BE 

Po Resets id oe ie er eee er 

[tig Aray cockdelay—SSSSCid SSCS SSSCSC« 

tics System clock delay bene ecu a a 

tt Feedback delay 


Register clear delay 


tol ae 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

NOTES: 8. This is for an output voltage change of 500 mV. 

9. Thenegative number shown for this specification is to compensate for the 30 ns that is being added to the tj,g parameter in the turbo-bit 
off mode. In the non-turbo mode, tfg is not affected by the additional propagation delay because the logic array is already taken out 
of the non-turbo mode by the first transition into the array. See the section on delay elements. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voitage range, Voc (SCG NOte 1)... eee cece cee cette eee e nee eeeeeeeees -0.3Vto7V 
Instantaneous supply voltage range, Voc (tS 20 NS) .. cs eee nee e eee eeee Atueeabe says ~2Vto7V 
Programming supply voltage range, Vpp .....- ccs e eee c cece cess enen ene eeeneecerasenes -0.3V to 14 V 
Instantaneous programming supply voltage range, Vpp (tS 20 NS) .......e eee e wesc eee e eens —-2Vto14V> 
INDUL VONAGE TANGO, Viv sideshsewnd eet sawe i eiveiewalesate hs eraser eewmaen Ue cdot een pane -0.3Vto7V 
Instantaneous input voltage range, Vi (tS 20 NS) .... cece een eee erence ee eneeee -2Vto7V 
Voc or GND current range .......... eee eee eee eee whole as ee eT eee es -~300 mA to 300 mA © 
Continuous total power dissipation at or below 25°C free-air temperature (see Note 2) ........ . 1500 mW 
Operating free-air temperature, Ty ....-.. ec cece e eee e eens hau dua ater eevee ~65°C to 135°C 
DlOrage [SMDSIaLUFE TANQe = 26.5. Gentes ee ba ecient cited cba sere Se teesecagw es —65°C to 150°C 


NOTES: 1. All voltage values are with respect to GND terminal. 
2. For operation above 25°C free-air temperature, derate to 180 mW at 135°C at a rate of 12 mW/°C 


recommended operating conditions 



















IN MATT 
Woo SuppyvolageSCSC~CSCSCSCSCSSSTTCCC“‘(MC*dtC CT 
me ake [Otherinputs SS SSCSCSC~dSC“‘C~*~‘~*~*~SOC*S 
: | CLK input f 20 
NOTE 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) : 
















PARAMETER TEST CONDITIIONS MIN TYP! MAX] UNIT 
| Voo=45V,_____lon=-4mA 
VOH High-level output voltage CMOS Voc ~4.5V lon =-2mA i 
VOL Low-level output voltage Voc = 4.5V, loL=4mA F045 
I Input current Voc = 5.5V, Vi = Voc or GND 

























loz Off-sate output current 10 

Voo=5.5V, See Note 4 [80150] pA 
co Supply current [Nonturbo | Vi=VooorGND, [SeeNotes ‘| ——-20~~—«O, 

No load 150 260 
rG____Inputeapacitance | Vin 0, fa iMHz, Taner S| SSSCOSCd SC 
Vo=0,f=1MHz, _ Ta=25°C ee a 
Colk Clock capacitance V,;=0, f= 1 MHz, Ta = 25°C ae ae 









All typical values are at Vcc¢ = 5 V, Ta = 25°C. 
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
5. These parameters are measured with the device programmed as four 12-bit counters and f = 1 MHz. 
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external switching characteristics and timing requirements over recommended ranges of supply 
voltage and operating free air temperature (unless otherwise noted) 


turbo-bit on (turbo mode) 


EP1830-251 EP1830-30] 
PARAMETERT TEST CONDITIONS [MIN _MAX| MIN MAX| UNIT 


fmax Maximum clock frequency See Note 6 | 60 =| 4.7 MHz 




















Ment Maximum internal frequency | SeeNote7———*+Y 40+ saa + ‘Mz 
1 a age 
ee) eS 
Sn 
ins System olockholdtime | _—SSSS—S—~id id Cd 
chr System dock high ___——~+d| SSS 0 id id 
fa System ooktow Pe 
[cot System olockto outputdelay | spr SSC~CSSC“‘*‘“‘sOC#YCOC*‘“C#(#‘#CNYCC=Ce—+ 
Nasu Amey cockeouptime | 
tah__Array lock hold time [eae ape eae aL oeat 

Racot Array dlockto oulputdelay [SSS SC 

Tent Minimum system clckperod [SCC 





turbo-bit off (non-turbo mode) 


EP1830-251 EP1830-301 
PARAMETERT TEST CONDITIONS MIN Max] ¥ 


fmax Maximum clock frequency See Note 6 o_o 
font Maximum internal frequency See Note 7 | 400 


todi Input to nonregistered output delay OC. = 85 pF | BOTt—“‘é ‘YT 
tod? /O input to nonregistered output delay i a.) a 







ay Syston ok stip tin eee 
he Syston lok hold eee 





aes [re | 

a ae a 

eis re 
ac ane a 
Ncot System lock to outputdelay | =s5pF Sid CSSCSCSC~sY CSC 
ea aa 

ane Tne 

a) a 

a= a ce 





tasu Array clock setup time 


tah Array clock hold time 


taco] Array clock o output delay NaC 
iont__ Minimum syetem dockperod [SS 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in T! data books is coincidental. The meanings may not be the same. 

NOTES: 6. The fmax values shown represent the highest frequency of operation without feedback. 

7. This parameter is measured with the device programmed as four 12-bit counters. 
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internal timing requirements over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) , 


turbo-bit on (turbo mode) 





















ee od 
in Input pad and buffer delay a C2 ) 
Mig VO input pad andbulferdelay [SCS SY 
Mia Logic aray delay ———SSCSC~SSSCSSCSCSCSCSCSSSSSTTTCSCSCSCSCS. 2 | te 
‘od Output pad andbufferdelay +4 ——S~S~ SE CCSCSC*ESCSC“‘“‘“ i’SSCSC*C~C~*~*CidtCir 
Tex Outputbufer enabletime —+[| —=85pF_————«d|—StSC~— i SSCSC~ dC 
Tige Output bufferdisabletime | ©L=8phSeoNote@ ‘|| 6] re 
Toy Registorsetuptime———SC~C~sCSSSSSCSCSCSCSCSCSCS 1 —C~‘dY Sd 
ih Resistor hold time ee 
lig Aray oockdelay SCS SSCS CY 
Migs System dockdelay———S—S—C~i SSS ir 
Tig Feecbackdelay—SC~CS~—SCS SSCS 
cir Registerdeardeay———S—S~sSCSC“‘“‘CSCSSCSCSCSCSCSCSCSCSSCSYCSC 








turbo-bit off (non-turbo mode) 


PARAMETERT TEST CONDITIONS 


EP1830-251 EP1830-30I 








MIN MAX| MIN MAX 
Tin _Inpulpadandbuferdeay sid SSSSSSCSCSCSCSSSCTS Ct 
Tig VO input padandbufferdelay +S | 
liad Logicarraydelay Sid Sd 
[od Output pad and bifferdelay |= seprSCSC*dPSCSC~“‘“‘“ OdLCOC*‘“‘“C;*S‘@S;COns~ 
Tizx Outputbuferenabletime | .=85pF | 6| 6] _ns_ 
2 Onno ace [C= pr SeaNoios +t —S—YSS~—YC 
[ay Registersetuptime ———SSC~dT SSCS —C~*dT Cid 
Tin _Registerhoidtime || 0] 2 [ns] 
io Array clock delay ee ee ee ee les 
Tics System dock delay Sid SSSSCSCSCSCSCSCSSC~C~CS a 
Tne] 
[ne _| 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in Tl data books is coincidental. The meanings may not be the same. . 

NOTES: 8. This is for an output voltage change of 500 mV. 

9. Thenegative number shown for this specification is to compensate for the 30 ns thatis being added to the tjgg parameter in the turbo-bit 
off mode. In the non-turbo mode, tfg is not affected by the additional propagation delay because the logic array is already taken out 
of the non-turbo mode by the first transition into the array. See the section on delay elements. 
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design security 


The EP 1830 contains a programmable design security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied or retrieved. This enables a high level of design control to be obtained since programmed data within 
the EPROM cells is invisible. 


turbo bit 


The EP1830 contains a programmable option to control the automatic power-down feature that enables the 
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set during 
programming. When the turbo bit is on, the low-standby-power mode is disabled. The typical loc versus 
frequency data for both the turbo-bit-on mode and the turbo-bit-off (low power) mode is shown in Figure 10. 


device programming 


The EP1830 can be programmed using certified third-party programming equipment. Please contact Texas 
Instruments applications hotline at (214) 997-5666 for current status of third-party programming support. 


functional testing 


The EP 1830 is functionally tested including complete testing of each programmable EPROM bit and all internal 
logic elements. The erasable nature (in wafer form) of the EP 1830 allows test program patterns to be used and 
then erased. 


Figure 5 shows the dynamic load circuit and the conditions under which dynamic measurements are made. 
Because power supply transients can affect dynamic measurements, simultaneous transitions of multiple 
outputs should be avoided to ensure accurate measurement. The performance ofthreshold tests under dynamic 
conditions should not be attempted. Large-amplitude fast ground-currenttransients normally occur as thedevice 
outputs discharge the load capacitances. These transients flowing through the parasitic inductance between 
the device ground terminal and the test-system ground can create significant reductions in observable input 
noise immunity. 


SV 


as 855 Q 
evice 
Output To Test System 


340.0 c,t 
T Includes jig capacitance | 
All input pulses have the following characteristics: PRR < 1 MHz, t; = ts <3 ns, duty cycle = 50%. 


Equivalent loads may be used for testing 


Figure 5. Dynamic Load Circuit 
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PF tho 


| 
VO Pin x | | 
| Nl . 


K tin > 


Input Pin | us 2 


}¢+———_ tlad ——> 


| 
Logie Array Input K | 


—a teir aoner 
| 


Logic Array Output | \ 


(a) INPUT MODE 


> l¢— te) — le ton : it 
| 
| 


CLK Pin | / \ | | / \ 


le tin 7 
Clock Into | 
Logic Array | 
Clock From 
Logic Array 
Data From | 
Logic Array 
Registered Output To 
Logic Array 


(b) CLOCK MODE 


System Clock Pin / \ / \ 


tin +¢—> a ties 


System Clock | J | , 
At Register | 
e— tual eth 
Data From | 
Logic Array 
| (c) SYSTEM CLOCK MODE 


Figure 6. Switching Waveforms 
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Clock From 
Logic Array 
I toa >! 


Data From 
Logic Array 
> 


| | 
| tp] Me tox 


| igh imped. 
Output Pin x — it anil 


tod! (tot) = tin + tlad + tod 
tod2 (tot) = tio + tin + tlad + tod 





(d) OUTPUT MODE 


Figure 6. Switching Waveforms (continued) 


understanding EP1830 timing characteristics 


introduction 


One of the most important benefits of using an EP 1830 in any design is the integration of complex logic functions 
into single-chip solutions. In most cases, however, when the functional compatibility of a design has been 
determined, timing analysis should be completed to ensure dynamic parameter compatibility. 


The purpose of this applications supplement is to discuss the timing delays which exist when using an EP 1830. 
The focus here is on the inherent delay paths that exist in every EP1830 and their relation to the data sheet 
switching specifications. This should aid designers in modelling and simulating their logic designs. 


gate delays versus timing characteristics 


Accurate modelling of the timing characteristics requires an understanding of how a given application is 
implemented within the EP1830. Most designs contain basic gates, and TTL macrofunctions, which are 
emulated by the general macrocell structure. The macrocell structure is an array of logic in an AND/OR 
configuration with a programmable inversion followed by an optional flip-flop and feedback, (See Figure 7). 


When designing with EP 1830s, the term “gate delay” is not a useful measure. Within the EP1830 AND array 
are product terms. A product term is simply an n input AND gate where n is the number of connections. 
Depending on the logic implemented, a single product term may represent one to several gate equivalents. 
Therefore, gate delays do not necessarily provide EP1830 timing characteristics. 


summary 


To understand timing relationships of the EP1830, it is very important to break up the internal paths into 
meaningful microparameters that model portions of the architecture. Once internal paths are decomposed, it 
is then possible to obtain accurate timing information by summing the appropriate combinations of these 
microparameters. The EP 1830 data sheet provides architectural information on which the parameters apply. 
Knowledge of the architecture allows characterization of any timing path within the EP1830. 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-51 


EP1830 SERIES 
HIGH-PERFORMANCE 48-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICES 


SRES003—D3880, NOVEMBER 1991 





Dedicated Feedback 
Inputs Signals 

BADARARABARARABARARABABARARABARARARABAL, 
GURACA NATED SES T RENE CHRON GU RR ERe Oe 
EEE EES GGG EGE CRE COT TT TT Tr ixer Optional 
Elelatae COO on Xen 
CCECECECE ee Sf optionar]_ on 
ele hel Tete aI ee ere ala| Tele Deh sr Sel Val dels L eg Register J] 
AIP el ASe tere eee. io TOOT) @) torsion 
COCO tg 


= QND Feedback 


Programmable To Other 
AND Gates" Macrocelis 
i < 


Figure 7. Macrocell 


If the design requires low-power operation, the turbo bit should be off (disabled). When operating in this mode, 
some dynamic parameters are subject to increase. 


System Clock Delay 
tics 
Clock Delay 
Input tie 
Delay 
tin 





inputs 









Feedback 
Delay 


tt 







V/0 


For combinational outputs, the delay between the logic array and the output buffer is zero. (i. e., tay, = 0 or th = 0) 


Figure 8. Macrocell Delay Paths Model 
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delay elements 


The simplest solution to the architectural requirements is to model time through the logic array as a constant. 
This parameter is called tjag. The rest of the elements in the timing model are similar to those found in 
conventional logic. There are input and output delay parameters (tin, tio, tog); register parameters tsy, th, teir, 
ths: tics: tic); and internal connection parameters (try). A detailed diagram of an Macrocell Delay Paths Model 
is shown in Figure 8 with a description of the signals. 


glossary — internal delay elements 


tol 


tfg 


tlad 
tic 


tics 


Asynchronous register clear time. This is the amount of time It takes for a low signal to appear at 
the output of a register after the transition of the logic array, including the time required to go 
through the logic array. 


Feedback delay. In registered applications, this is the delay from the output of the register to the 
input of the logic array. In combinational applications, it is the delay from the combinational 
feedback to the input of the logic array. 


Register hold time. This is the internal hold time of the register inside a macrocell— measured from 
the register clock to the register data input. 


Logic array delay. This parameter incorporates all delay from an input or feedback through the 
AND/OR structure. 


Clock delay. This delay incorporates all the delay incurred between the output of an input pad or 
I/O pad and the clock input of a register including the time required to go through the logic array. 


System clock delay. This delay incorporates all delays incurred between the output of the input 
pad and the clock input of the registers for dedicated clock pins. 


Input delay. This is the delay from input pads through the buffers that direct the true and 
complement data input signals into the AND array. 


/O input pad delay. This delay applies to /O pins committed as inputs. 


Output buffer and pad delay. For registered applications, this incorporates the clock to output delay 
of the flip-flop. In combinational applications, it incorporates delay from the output of the array to 
the output of the device. 


Register setup time. This is the internal setup time of the register inside a macrocell —- measured 
from the register data input until the register clock. 


Time to high-impedance-state output delay. This delay incorporates the time between a 
high-to-low transition on the enable input of the 3-state buffer to assertion of a high impedance 
value at an output pin. 


3-state to active output delay. This delay incorporates the time between a low-to-high transition 
on the enable input of the 3-state buffer to assertion of a high or low logic level at an output pin. 
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glossary - external delay elements 


tacot (tot) ~ 


tacnt(tot) 


tah(tot) 


tasu(tot) = 


teot (tot) 


-totr(tot) 


tent(tot) 


th (tot) 
tdi (tot) 


tod2(tot) 


tPxZ(tot) 


tPzx(tot) 


tsu(tot) 


Asynchronous clock to output delay. This is the time required to obtain a valid output after a clock 
is asserted on an input pin. This delay is the sum of the input delay (t,), the clock delay (tic), and 
the output delay (tog). 


Asynchronous clocked counter period. This is the minimum period a counter can maintain when 
asynchronously clocked. This delay is the sum of the feedback delay (tg), the logic array delay 
(tlag), and the register setup time (tsu). 


Asynchronous hold time. This is the amount of time required for data to be present after an 
asynchronous clock. This value is the difference between the sum of the input delay (tj,), the clock 
delay (ti,), and the hold time (ty) and the sum of the input delay (tj,) and logic array delay (tiag). 


Asynchronous setup time. This is the time required for data to be present at the input to the register 
before an asynchronous clock. This value is the difference between the sum of the input delay (tj,), 
array delay (tiqg), the register setup time (tsy), the sum of the input delay (tj,), and the clock delay 
(tic) | 


System clock to output delay. This is the time required to obtain a valid output after the system clock 
is asserted on an input pin. This delay is the sum of the input delay (tj,), the system clock delay 
(tics), and the output delay (tq). 


Delay required to clear register. This is the time required to change the output from high to low 
through aregister clear measured from an input transition. This delay is the sum of input delay (ty), 
register clear delay (tgj;), and the output delay (tgq). 


System clock counter period. This is the minimum period a counter can maintain. This delay is the 
sum of the feedback delay (try), the logic array delay (tjaq), and the internal register setup time (ts). 


Hold time for the register. This is the amount of tim e the data must be valid after the system clock. 
It is the difference between the sum of the internal input delay (tj,), the system clock (ti¢s), and 
the system clock hold time (ths) and the sum of the input delay (tj,) and logic array delay (tjaq). 


Propagation Delay period; This is the delay from a dedicated input to a nonregistered output. This 
is the time required for data to propagate through the logic array and appear at the external output 
pin. This delay is the sum of input delay (tin), array delay (tjaq), and output delay (tq). 


Propagation Delay period; This is the delay from I/O pin to a non-registered output. This is the time 
required for data from any external I/O input to propagate through any combinational logic and 
appear at the external output pin. This delay is the sum of the I/O delay (tig), input delay (tj,), array 
delay (tiag), and the output delay (tod). 


Time to enter into the high-impedance state. This is the time required to change an external output 
from a valid high or low logic level to the high-impedance state from an input transition. This delay 
is the sum of input delay (tj), array delay (tjaq), and the time to disable the 3-state buffer (t,z). 


Delay from high impedance to active output. This is the time required to change an external output 
from the high-impedance state to a valid high or low logic level measured from an input transition. 
This delay is the sum of input delay (tj,), array delay (tjag), and the time to enable the 3-state buffer 
(tzx). 


Set up time for the register. This is the time required for data to be present at the register before 
thesystem clock. This value is the difference between the sum of input delay (tj,), array delay (tag), 
and an internal register setup time (tsy) and the sum of the input delay (t;,) and the system clock 
delay (tics). 
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explaining the data sheet specifications 
The data sheet references timing parameters that characterize the switching operating specifications. These 
parameters are measured values, derived from extensive device characterization and 100% device testing. 
Among the switching characteristics are the following: taco(tot)» tacnt(tot)» tah(tot)» tasu(tot)» tcot(tot)> telr(tot). 


tent(tot)» th(tot)» toat (tot)» tpd2(tot): tpxz(tot)» tPzx(tot)» tsu(tot). These parameters, described below in detail, may 
be represented by the internal delay elements. (See Figure 9) 






Combinational 
Logic 





Input 
P INP 





It tin PHE— tag —PHE— tog — > 
tpd(tot) = tin + tad + tod 


tg 14 Pi—_ tad Pit + teu 
tent(tot) = ttd + tad + teu 
tacnt(tot) = ttd + tlad + teu 






Combinational! 





Input 
P INP 


it tin Pie——  tlad re 
ih dere | 


Input Combinational 
ta Logic 
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tpzx (tot) = tin + tad + tzx 
tpxZ(tot) = tin + tad + txz Clock 







Combinational 
Logic 





INP 





It tin Pt ————_ tip. —— 
tasu(tot) = (tin + tad) — (tin + tic) + teu 





i tin PHO————_ tel PI tog 1 
teir(tot) = tin + tetr + tod 





Kt tin P——— _ tp ———1 


Input tah(tot) = (tin + tic) — (tin + Yad) + th 





Clock 
INP 


It tin Pie——._ ticg ——— 
teu(tot) = (tin + tlad) - (tin + tics) + teu 





It tin Pit—— tip ——P1—_ tog 
Ht tin PIE— tag —P—- th taco1(tot) = tin + tic + tod 
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Clock 
INP 
it tin Pit————_ ticg. ——_ >| It tin PIt——._ tics —— 1 tod 1 
thitot) = (tin + tics) ~ (tin + tad) + th tco1(tot) = tin + tics + tod 


Figure 9. Timing Equations 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 
MAXIMUM FREQUENCY 
1000 Se Se en eee en en een ees: 


(OOS Ts a te 0021 a es ee ee ee 


100 == ee 








an SS et en oe ee Pott mum mest 
os ali oo ad al ded A dnmensechennn esarfetoade A. 


RU Ha 1 A a, a 
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son ow noc omareren Guay Sane cas an -SdS¢ Sennen Owen ont Gan > Sos Emanuee come Gnee au aw nae: aowae San aoe oat em mae 










— oan fee a As 
non ee TOT rit 1 a6 iio mesii/nome  nasfeeha bend dd) 
et ee 1 a i {1 Bn 


Como ot 
TT er | TE ELT 


ee eos cee ee en OS A A on os} an ome oom Go om oe 











evade adhd At amaranth enmendiie Lend allel. A Lumsmsedeeneed onl antunhnhtinarmmmpmedperauteeesdertaahetl Eanes tememdatared satalel.4 
Gsit! mmm meni 


Pes en 
TURBO BIT OFF 
=a | aU ll 






icc — Supply Current — mA 


0.1 coca Rene EON COON COO OO TO OO COMES LOT OP AD OSS ORUURESS SAN ON EER SO St ASS CREE ne Cans wn a ee 


A Soe i 
| 
0.01 PCL TA= 0° 


1k 10k 100 k 1M 10M 100 M 


fmax ~ Maximum Frequency — Hz 


Figure 10 


PROPAGATION DELAY TIME 


$s 
SUPPLY VOLTAGE 


Normalized to 1 at 


Voc =5V, 
Ta = 25 °C, and With 


eee 4 ‘Outputs Switching 


Propagation Delay Time 
(Normalized) 





“4.5 4.75 5 5.25 5.5 


Voc — Supply Voltage -— V 


Figure 12 


SUPPLY CURRENT 
Vs 
SUPPLY VOLTAGE 


1.6 
Normalized to 1 at 
1.5¢ Voc =5V, Ta = 25 °C, 
and f = 1 MHz. 










1.4 : 
pe ee ee ae 
a ca -_ 
a 1.1 be ——— 
fe ot [tare 
ec ame GC 
© 
yal | meme | Tf 

— a ee ee 
ae 
oe 


| 
is 
zi 
VTL 





“4.5 4.75 § 5. 


25 «$5 
Voc — Supply Voltage —V 


Figure 11 


PROPAGATION DELAY TIME 


vs 
NUMBER OF OUTPUTS SWITCHING 


tpH_ Normalized to 1 at 
Piao = 4.75 V and Tg = 70°C 


ahs HERE EEE 


Propagation Delay Time 
(Normalized) 


8 
0 4 8 12 16 20 24 28 32 36 40 44 48 
Number of Outputs Switching 





Figure 13 
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MECHANICAL DATA 
SEE 
DETAIL 
"B” ; 
; 0,89 (0.035) 
1,27 (0.050) BSC—>| e— Le th ala \ es Ya 0,64 (0.025) ® 












24,33 (0.958) 
24,13 (0.950) 


25,27 (0.995) 
25,02 (0.985) 


23,62 (0.930) 
22,61 (0.890) 








3,30 (0.130) 
20,32 (0.800) 24,33 (0.958) 
+ REF ———»| 24,13 (0.950) 2,29 (0:000) 
25,27 (0.995) 0,64 (0.025) 
25,02 (0.985) MIN 
5,08 (0.200) 
4,19 (0.165) 
0,51 (0.020) 
1,22 (0.048 0,254 (0.010) 
1,07 (0.042) 0,203 (0.008) 
¢ 0,53 (0.021) 
— ——& 0,41 (0.076) 
1 oa a Se a 
0,81 (0.032 


DETAILB _—066 (0.026) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
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STANDARD HIGH- SPEED PAL® CIRCUITS 
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PAL16L8’ 
J OR W PACKAGE 


@ Choice of Operating Speeds 
High-Speed, A Devices... 25 MHz Min 
Half-Power, A-2 Devices ... 16 MHz Min (TOP VIEW) 


® Choice of Input/Output Configuration 


® Package Options Include Both Ceramic DIP 
and Chip Carrier in Addition to Ceramic 
Flat Package 


1 3-STATE REGISTERED VO 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
paves| 0 | 2 | 0 | 6 
patient [8 [0 | apatites) |" 






PAL16R6 eS ar ae 6 (3-state buffers) 
PALIGRS | 8 | O | 8(@-state buffers) 


ial aa 





PAL16L8’ 
These programmable array logic devices feature FK PACKAGE 
high speed and a choice of either standard or 
half-power devices. They combine Advanced (TOP VIEW) 


Low-Power Schottky technology with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy 
programmability allow for quick design of "custom” 
functions and typically results in a more compact 
Circuit board. In addition, chip carriers are 
available for further reduction in board space. 


The Half-Power versions offer a choice of 
operating frequency, switching speeds, and power 
dissipation. In many cases, these Half-Power 
devices can result in significant power reduction 
from an overall system level. 





The PAL16’ M series is characterized for operation 
over the full military temperature range of -55°C 
to 125°C. 


PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA information is barby as of publication date. 
Products conform to specifications per the terms of Texas Instruments ty 


standard warranty. Production processing does not necessarily include TEXAS 
INSTRUMENTS 
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) PALIBRE 


eS PAL16R4’ 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





* PAL16R6’ PALI6R6’ 
JOR W PACKAGE FK PACKAGE 
(TOP VIEW) | 


(TOP VIEW) 





-” PALI6R8’ 








2 PAL16R8’ 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M 
| STANDARD HIGH-SPEED PAL® CIRCUITS 
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functional block diagrams (positive logic) 


PAL16L8AM 
PAL16L8A-2M 





PAL16R4AM 
PAL16R4A-2M 





“Ny denotes fused inputs 
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functional block diagrams (positive logic) 


PAL16R6AM 
PAL16R6A-2M 


OE 
CLK 


PAL16R8AM 
PAL16R8A-2M 


OE 
CLK 


“\, denotes fused inputs 
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PAL16L8AM, PAL16L8A-2M 
SPEED PAL® CIRCUITS 


STANDARD HIGH- 
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logic diagram (positive logic) 


Increment 


16 20 24 28 31 


4 12 


Numbers 


First 
Fuse 


vO 
vO 
vo 
vo 
vO 
vo 


©) ©] _ 
= = . = ~ = 7 = = 
A /\ /\ /\ 
| aanelh TH H Ant nual fo oft 
sOUbERE aun En Sy a TTTTT eUUER UU ERE saUGsR ONeeRae 
aii TL aERRREG LL CCE OE UEC ECE EEE EEE ns 
PTT TTT Ty a TT ETE TEE EET TEE ET TT TT TT 
FETT Tree Te EEE EET EEE TE EEE ETE TE EE EET EEE TE TE TT TT 
tT TTT PTT ee tt EE TT EEE EEE ET EEE ET EEE ETE ETE TE EE ET EEE ETE EEE ET 
SRE ee eee ee ee eee eee E EEE GUEST REGU Eee td 
PTT TT TTT EEE EE EEE EET EE EE TT TT 
ERERAAAEER RARER ESR ERRCERRELRAAEAR RAKES ERERAE BARRA ARRAS RARE ASS ARAL 
PE TTT TT Ee EEE EEE TET EE TT ET TT TT TT 
PCC 
PTT TTT TT a 
tt tt Tt tT Tt 
PTT TTT TE ET TT eT ET TT 
PREM RARER ORTH ERROR ERNIE A REUTER REAR RRR ORE UE AREA TAN REREARRR AUER EARLS HUARD 
Pett TT TT EE TE EE ET ET EE TE ET TT 
FETT tt ET TT I a ET TT TT 
PET tT ET TET TT 
PRR RRRRRERRR RRR E AREER RARER REED RRR EAAR ERR RAED EMER ARAM RRRRU REE AER aEE 
PTET TTT Tt tt tt ET EEE TE ET TT EE TT TT 
Pt ttt TT eT EE TT TTT a TE TT 
ree TTT Ee TT EE TT 
HOGSUEAR RARE CERT RERRR RARE REE E RIAD RR AR ORME RRR ERE AMAR BURR RABE RRRSR AREER aH 
SH a tt 
PET TTT tet Ee TT ET TT EE EE TE EE EE EE TT 
PERCE CECE HEE EERE 
PER UGERORTS ELAR ER SOREN GRACE RARER AAR R ESN RERERM ERAN RHRRRE ALAR RARRERRERRRR REED 
Pit Tt TT TTT EE ET EET TE TT TT 
Pitti tT ETT CT Tt TT EEE ET EE EE ET 
Pitt TTT TE TE EE ET I 
PUES 
rit tT ttt TE TE EET 
SRR R REE RPU REE ERE RRR RRR 
PTT TTT TT TT TT Te 
le S8593¢ sanldeas S836 sal, sGEGEDSELQ g845422214 0243490814 2890992414 800800024 
N Poe] zr uw © | @ a 


Fuse number = First fuse number + Increment 
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PAL16R4AM, PAL16R4A-2M | 
STANDARD HIGH-SPEED PAL® CIRCUITS 
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logic diagram (positive logic) 


1 
CLK > 


First 
Fuse 
Numbers 


0 
32 
64 
96 

128 






1024 
1056 
1088 
1120 
1152 
1184 
1216 
6 1248 


5 a | 
| D>, SSR FAS St RA HS He OH 


Increment . 
0 4 8 12 16 20 24 28 31 


BEE Ee 


a GO Bi 
; » 


Pt | 
I > Samar OE nea OD WW A A 


Fuse number = First fuse number + Increment 





2-64 


exas 


Ti 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


19 












VO 


vO 


VO 


Ife) 


PAL16R6AM, PAL16R6A-2M 
STANDARD HIGH-SPEED PAL® CIRCUITS 
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logic diagram (positive logic) 
CLK L > 
Increment 


First 
Fuse / \ 
Numbers 0 


0 

32 

84 

96 

128 

160 

192 

2 224 


ee 
I—>> . 


266 
288 
320 
352 
384 
416 
448 





1688 “7 TT7_TTTIIWCLLELL_ULLLOE 1 
1920 aoe 


| 
1982 am 

1984 Lt 

2016 SR eee 

9 SRR eee eee 

I D>, SSNS (A kh SR SO eS De 


=e : 

ee  c si 
eH OH CE a 

ee ee 

iam es 

SS Re ee ae 4 


Fuse number = First fuse number + Increment 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-65 


-PAL16R8AM, PAL1GRSA-2M 
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SRPS016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992 


logic diagram (positive logic) 
1 
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Fuse 
Numbers 0 4 8 12 16 20 24 2 31 
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Fuse number = First fuse number + Increment 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage: VGG (see NOG): sccnincccaeraerenetateeer eerie sane tuerttdeeeewwaseneesseas 7V 
inpul Voltage (SeCNOIG: 1): wetscwhaths cos hie Gan tinue eee ewes stipe ewan ea iewete yd es 5.5 V 
Voltage applied to disabled output (See Note 1) 20... ce ccc cee cece eee ete ee eee ene ne ee nn eees 5.5 V 
Operating free-air temperature r€nge 1.1... cece cece eee eee ee eee tee ee eet eeeneees -—55°C to 125°C 
DlOFaGS IGMPSKAtUIE LANGE: .dc0s boss sna biwiautaiedw ccna’ ie eatweeeaaheads seaaee’s —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 











Vcc Supply voltage 4.5 5 5.5 
VIH High-level input voltage 2 5.5 
VIL Low-level input voltage 


lOH High-level output current 


IOL Low-level output current 


TA Operating free-air temperature 
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PAL16L8AM, PAL16R4AM, PAL16R6AM, PAL16R8AM 
STANDARD HIGH-SPEED PAL® CIRCUITS 
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electrical characteristics over recommended operating free-air temperature range 








PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
Voo=45V,__—ii=-18™mA 1 
Voc =4.5V, loH =-2mA 24 32 | 
Voo=45V, io. = 12mA [025 oa] vi 

naan ae aera) a 
Opors | Yoo=8S™ a Ci 
Outputs a) 
loZL Voc = 5.5 V, Vo =0.4V yA 
V0 ports 
eS Vj=58V P| ma 
Wore | ey ea eee) One 
Aloiners | _Voo= 88 ne ne 3 ae | 
nik cthere | Yoon 8S — peacivenmaee We 7 
Se Vo=05V [30 —-260| mA 
Voc = 5.5 V, V; = 0, Outputs open 75 180 | mA 














timing requirements 





fclock Clock Frequency 
tw Pulse duration (see Note 2) 
tsu Setup time, input or feedback before CLKT 


th Hold time, input or feedback after CLKT 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fologk. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX UNIT 
ee a 


be ee 
a O10 a 


























pte KT 1 = 8908, 
R2 = 750 Q, 
See Figure 1 






T All typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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electrical characteristics over recommended operating free-air temperature range 


MIN TYPT MAX 
Outputs 
= 
loz Voc =5.5V 

, 
hh Vg = 55, Vj =5.5V 


| 
| ae V 5.5V Vi=2.7V 
IH All others COS ea Ene 
-0.2 
Hie VI 


eo Allothers | ‘CC=59¥, eee -0.1 
Veo = 5.5 V Vo =0.5V —30 ~250 


Voc = 5.5 V, . V; =0, Outputs open . 


timing requirements 






ise) 
ae) 











0. 
2 

~2 

0. 

2 

5 869 


5| v_ 
7 a 
pe 
af 
pA 
2[ ma 
on 
0] ma 















folock Clock Frequency 0 16 





Clock high 25 
tw Pulse duration (see Note 2) Clock low 25 


tey Setup time, input or feedback before CLKT 35 


th Hold time, input or feedback after CLKT i 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, folock. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO eo: 
PARAMETER aNPUT) (ouTPuT) TESTCONDITION | MIN TYPT MAX] UNIT 


ee es ed 
[25 OTe 























R1 = 390 Q, 11 25] ons | 
R2 = 750 Q, 20. 25) ns 


ee 
[2585 [ne 
T All typical values are at Voc = 5 V, Ta = 25°C. 


Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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PARAMETER MEASUREMENT INFORMATION 
5V 


Test 
Point 


From Output 
Under Test 





CL 
(see Note A) 


LOAD CIRCUIT FOR 
3-STATE OUTPUTS 


3V | —-——— 8V 
Timing High-Level 
input 1.5 V Pulse 1.5 V 1.5 V 
Ohi esinces (0 0 


| | 
toute th oe 
Data ee Xi Poe | | 3V 
Input ° . Low-Level 1.5V 1.5V 
0 Pulse ‘ “ff ‘ 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS | 
SETUP AND HOLD TIMES ; PULSE DURATIONS 
3V 
Output 
0 Control 
(low-level 
enabling) 





VoL : my. =3.3V 
Waveform 1 \ 1.5V a VoL +0.5V 
| _ $1 Closed | _—— ¥. 
Vv (see Note B) a VoL 
Out-of-Phase ! 1.5V /i5V Pe | tuis-Pl + ” 
Output f_ ten - je | w 
(see Note D) VOL 3 | — —VoH 
_ Waveform 2 | an 
VOLTAGE WAVEFORMS (oe Note B) 1.5V 5 See VoH ~ 0.5 V 
PROPAGATION DELAY TIMES ete atee OV 


_ VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C_ includes probe and jig capacitance and is 50 pF for tpg and tan, 5 pF for tgis. 

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. All input pulses have the following characteristics: PRR < 10 MHz, t; and ts < 2 ns, duty cycle = 50% 

. When measuring propagation delay times of 3-state oupue switch S1 is closed. 


. Equivalent loads may be used for testing. 


moog mw > 


Figure 1. Load Circuit and Voltage Waveforms 
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TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C 
TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


SRPS011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992 






© High-Performance Operation: oeureK.. het uae 
fmax (no feedback) M SUFFIX... J PACKAGE 
TIBPAL16R’ -5C Series ... 125 MHz Min (TOP VIEW) 
TIBPAL16R’ -7M Series ... 100 MHz Min 


fmax (internal feedback) 
TIBPAL16R’ -5C Series ... 125 MHz Min 
TIBPAL16R’ -7M Series . .. 100 MHz Min 
fmax (external feedback) | 
TIBPAL16R’ -5C Series... 117 MHz Min 
TIBPAL16R’ -7M Series ... 74 MHz Min 
Propagation Delay 
TIBPAL16L8-5C Series ...5 ns Max 
TIBPAL16L8-7M Series... 7 ns Max 
TIBPAL16R’ -5C Series 
(CLK-to-Q) ... 4 ns Max 
TIBPAL16R’ -7M Series 
(CLK-to-Q) ... 6.5 ns Max 


® Functionally Equivalent, but Faster than, 





Existing 20-Pin PLDs TIBPAL16L6" 
@ Preload Capability on Output Registers G Scch one = PACKAGE 
Simplifies Testing . 7 ] a 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


Security Fuse Prevents Duplication 


ea aa] eee 
INPUTS | O OUTPUTS Q a =a 
eee co ecsimene es 
raiieno| 8 | 0 | 6(@-tatebuters) | 2 
PALIORS}| 8 | | 8B state buffers) | 0 | 











Pin assignments in operating mode 
description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 


conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results in a more compact circuit board. 


The TIBPAL16’ C series is characterized from 0°C to 75°C. The TIBPAL16’ M series is characterized for 
operation over the full military temperature range of -55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





This document contains information on ts in more than one i 
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C 
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HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 
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TIBPAL16R4’ 
C SUFFIX ...J OR N PACKAGE 
M SUFFIX... J PACKAGE 


(TOP VIEW) 


I 


TIBPAL16R4’ 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R6’ TIBPAL16R6’ 


C SUFFIX... JOR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8’ TIBPAL16R8’ 


C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) | (TOP VIEW) 





Pin assignments in operating mode 
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TIBPAL16L8-5C, TIBPAL16R4-5C 
TIBPAL16L8-7M, TIBPAL16R4-7M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


RPS011D —D38359, OCTOBER 1989 — REVISED SEPTEMBER 1992 
functional block diagrams (positive logic) 


TIBPAL16L8’ 


* 
* 
ss 


ra 





TIBPAL 16R4’ 


OE 
CLK 





“\., denotes fused inputs 
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functional block diagrams (positive logic) 


OE 
CLK 


OE 
CLK 


“\. denotes fused inputs 
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TIBPAL16R6’ 


TIBPAL16R8’ 








JUDD UD] 


2 © 0 0 6 0 6 06 


logic diagram (positive logic) 


1 
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TIBPAL16L8-5C 
TIBPAL16L8-7M 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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TIBPAL16R6-5C 
TIBPAL16R6-7M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 
SRPS011D — D38359, OCTOBER 1989 — REVISED SEPTEMBER 1992 
logic diagram (positive logic) 
1 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) _ 
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Fuse number = First fuse number + Increment 
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TIBPAL16L8-5C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Vollage, Vee (See NOC 1) ccs sveiatua eee bcvasds ees ine ee eeeed Me Geeainteasese dee oe% 7V 
input Voltage (See NOIG 4) avcieineoree te pameitentdatvet beedeuy Mad eaetas oan teehee iueemes 5.5 V 
Voltage applied to disabled output (See Note 1) 1... cece eect cee renee een e eee aeeees 5.5 V 
Operating free-air temperature range ........ cece cc eee te eee eee ee tee eee eeenes 0°C to 76°C 
SOrade LEMDEAUIETANGS: <uicuuscon544 sn ein aweystiaouenere ot de serauteeese taeees -—65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 












INNO MAXT UNIT 
i755 528 
x 
a Ty a aT aN) UR 
TA Operating free-air temperature 0 25 75 





NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS M 








IN TYPt MAX] UNIT 





[UNIT 
ioe 
aL 
llozn® | Veo=825v,Vo=27v—SSOSCS™~S SSO 
ide = 828, Vi=55V [700 [na 
line | Yoo = 8.25% Vie27V 
Voc = 5.25 V, V; = 0, Outputs open 
f= 1 Miz Wa2V 











T All typical values are at Voc = 5 V, Ta = 25°C. 
I/O leakage is the worst case of loz, and |j_ or IoZH and ljH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
TIBPAL16L8-5CJ 
TIBPAL16L8-5CFN TIBPAL16L8-5CN UNIT 


FROM To 
PARAMETER | = (INPUT) (OUTPUT) 
15 5| 1.5 5 


I, Vo 0, /0 with up to 4 outputs 
switching 
with more than 4 
asks on? outputs switching 
10 0,0 


PRODUCTION DATA Information is current as of publication date. R 














TEST 
CONDITIONS 











R1 = 200 Q, 
R2 = 200 Q, 
See Figure 8 





Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily 
include testing of all parameters. 
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TIBPAL16R4-5C, TIBPAL16R6-5C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 1) 2... cee ccc ee eee ee ee eee eee nae da adn eta tees Teaeoes 7V 
InDUtVOllade:(SEG:NOIG!l) sawed ica win dine ee aww ea as seas neers ved eens dial beindeewaeeas 5.5 V 
Voltage applied to disabled output (See Note 1) 2... ce cece cece tee ee ete e te et ee nest eeneeees 5.5 V 
Operating free-air temperature r€Nge ...... cece cee eee eee eee eee eee eee ene teees 0°C to 75°C 
Storage TOMDErAUUISTANGS «ihcicceetierineasoratsewussarae cen i dbsates tees seiedhe —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


FS itimceunnimenmeniemcaanntansveeeel mane ae 
CRI TC A I 
125 


eh 
Pulse duration, clock = Sr ae Er 



















tsu Setup time, input or feedback before clockT 


h Hold time, input or feedback after clockT sea Some 
Ta Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





-- 








A ereee atlanta age sree sedated or Instruments 
ction processing does not necessarily 


PRODUCTION DATA information is current as of publication date. 
tanderd warranty. 
inchide weeting of all parameters. 


TEXAS 
INSTRUMENTS 


2-80 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


TIBPAL16R4-5C, TIBPAL16R6-5C 
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electrical characteristics over recommended operating free-air temperature range 


Voo= 476¥. [==18mA 
loz? | Vvoo=525v,Vos04v.SOS~—SSSCSC*~OOY 
; : A 

A 

A 

A 

F 

F 











UL 

bh 

ih 
Mee a 7 


5 
Cs f= 1 MHz, Vo=2V : 


0 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TIBPAL16R4-5CJ 
TIBPAL16R4-5CFN | TIBPAL16R6-5CJ 


PARAMETER FROM TO TEST TIBPAL16R6-5CFN | TIBPAL16R4-5CN 
(INPUT) (OUTPUT) CONDITIONS TIBPAL16R6-5CN 


ea) om ee 
[ten | 00 —S«dT SSC SCSC*d:CS Figure 
Ei ee ee 
i 
fer ane nae 


Tal typical values are at Voc = 5 V, Ta = 26°C. 
+0 leakage is the worst case of loz, and Ij_ or |OZH and |jH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See 'fmax Specification’ near the end of this data sheet. 
tsk (0) is the skew time between registered outputs. 








Products conformto fications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily 


PRODUCTION DATA Information is current as of publication date. a 
include testing of all parameters. 
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TIBPAL16R8-5C | 
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 1) ..... ce eee eee ee ie ee ee ee ee 7V 
Input voltage (see Note 1) ....... err rr ee GC ohinnw sae Wera ned ne Ia Nua enina wire aneeins 5.5 V 
Voltage applied to disabled output (See Note 1) .... ccc cece eect e eter e nent cence eens 5.5 V 
Operating free-air temperature range ....... a Sainte a agenda aaa sont Wee Sue tories Garton eae 0°C to 75°C 
Storage temperature range ..... cece eee eee sd ieee ate tons buon beer eae ewn ces -65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


a Sd 
a 
ss] v1 
Me eae diem Ge ge ie 
lou High-level output current PBL mA 
oie oeeeaitem 

i 


t Pulse duration, clock | me i ri 
2 anes Low 
5 


V 
V 
V 
mA 
su Setup time, input or feedback before clockT | 45 ons 













ee i om 


h Hold time, input or feedback after clockT = aaa 
TA Operating free-air temperature 0 25 75 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. | 








Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily 


PRODUCTION DATA Information Is current as of publication date. wy 
include testing of all parameters. 
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electrical characteristics over recommended operating free-air temperature range 


Wik *dC Vc = 45, -t8mAS~C~“~wSC“‘(Cé~OSCNTSY M08 15] Vd 
Vow «(| Voo=475V, lon=-82mA——~S~=~idtS=Ci kid 
Wo. | Voo=475V, loi=24mA_—=S=~=~‘dtSC“‘(SéS‘COSOCOSY OS OS] VS 
llozy | Voo=825V,Vo=27v——+{|~———~—00fS—SCS~«OOY 
Ce 
-70 m 
m 











TEST CONDITIONS 







% 


oz Voo=525V, Vo=04V 00 [00 
| Vp = 8.25, = 55V P0010 A 
Voo=525V,. Wj=27V ee.) ee) ee 
Te 880 [280 |v 

Vi= 


SEES 


V V 
V V 
V V 
la, Veo 28.25, vi=0 
lost = ids Vig = 8.25, VQ = 0.5V ~130 | -30 -130| mA 
Voc = 5.25 V, 0, Outputs open A 
pF 
pF 


IK 
OH 2.4 2.7 
OL 0.3 0.5 
100 
100 
NL 
ec ma 
ce emee ee: |") eae) 
es as a 
Co ree | Ne 


CLK/OE 
ee ee a 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
TIBPAL16R8-5CU 
PARAMETER | aNPUT) (OUTPUT) 
125 
117 
1.5 4 













TEST 
CONDITIONS 






without feedback 1250 0s 
fmax® with internal feedback (counter configuration) 


with external feedback 


with up to 4 outputs 

















tod R1 = 200 Q, 
CLKT with more than 4 R2 = 200 Q, 
outputs switching See Figure 8 





Be 
es 
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[a [eat | rte fecal eC es 

a ee a 9] 

[wie fer CS ia 

el ae 


T All typical values are at Voc = 5 V, Ta = 25°C. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See 'fmax Specification’ near the end of this data sheet. 
This parameter is calculated from the measured fma x with internal feedback in a counter configuration (see Figure 2 for illustration). 
# toy (0) is the skew time between registered outputs. 






125 
125 
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PRODUCTION DATA information {s current as of publication date. 
Products conform to specifications per the terms of Texas instruments 
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M 
HIGH-PERFORMANCE /JMPACT-X™ PAL® CIRCUITS — 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vog (See NOtE 1) oo cee cece ccc e cece eee e eect ene eeeeeeeeees Pee ee ee 7V 
MOU VOllade. (See: NOG). avis te Selusuescvende ce oeewases hee tate ad Rea eed be psa easaeaas 5.5 V 
Voltage applied to disabled output (See Note 1)... ccc cece cent ete ee nee eneeeeenees . 55V 
Operating free-air temperature r€nge ....... cece eee eee eee aaa ae Geeeeeeae —55°C to 126°C 
Storage temperature rande: <4.504-c9s0civbate ewe se cewek seeatnee chee eee eeacaneed —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions | | 


win NOM MAX] ONT 













High-level input voltage (see Note 2) 2 ‘ 
Low-level input voltage (see Note 2) be Wd 
lou High-level output current - | mA | 


IOL Low-level output current 


folock! Clock frequency . 0 100 


V 
mA 
at Puwatetoncoek Hg ry 


Voc Supply voltage . 
VIH 
Vit 





tau) Setup time, input or feedback before clockT | ons | 
I tht Hold time, input or feedback after clockT 

TA Operating free-air temperature 
T folock tw: tau and th do not apply to TIBPAL16L8’ 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


nn 
ere a 
Nop Pp oi 


7 
-55 25 12 


) 





PRODUCT PREVIEW information concems products in the formstive or 
design phase of development Characteristic deta and other specifications 
are design goals. Texas Instruments reserves the right to change or 
discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS 


Voc = 4.5 V, l=-18mA 0.8 -1.5 
Voo=4.5V, loH=—2mA 24 21 
Voo=45V, ‘lon = 12 mA 025 0s 


0, Q outputs 

V = 5.5 V, =. 

70 ports CC Vo =2.7V 
0, Q outputs 

| Voc = 5.5 V, Vo = 04 V 

ZL [iio ports 


i SSSCS~*wCG = BB, Vie 55V 
V\ 


VO ports Voc = 5.5 V, =2./V 
All others 
Veo=85V, Vinod 
Host CT Vo = 5.5, Vo = 0.5V -30 
Voc = 5.5 V, Vj=GND, OE=Vin, Outputs open 
i 
ry) 


C 


f= 1 MHz, Vj=2V 
CLK/OE 
= Me Vo=2V 


TA typical values are at Vcc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) | 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION 
without feedback 
f § with internal feedback 
max (counter configuration) 


















At = 8900, 
eae ee ee OS R2 = 750.0, 
ee See Figure & 


§ See ‘fmax Specification’ near the end of this data sheet. fray does notapply for TIBPAL16L8’. fray with external feedback is not production tested 
and is calculated from the equation located in the fmax specifications section. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information:on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


asynchronous preload procedure for registered outputs (see Figure 1 and Note 3)t 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj, raise Pin 11 to Vipp. 

Step 2. Apply either Vi or Vj4 to the output corresponding to the register to be preloaded. 

Step 3. Lower Pin 11 to5 V. 

Step 4. Remove output voltage, then lower Pin 11 to Vj_. Preload can be verified by observing the 
voltage level at the output pin. 





| | | 1 | 
ea ae 
| 


| —+——Vin | Vou 
: SVL VoL 


Figure 1. Asynchronous Preload Waveforms T 


T Not applicable for TIBPAL16L8-5C and TIBPAL16L8-7M. 
NOTE 3: tg=tgy = th = 100 ns to 1000 ns 
VIHH = 10.25 V to 10.75 V 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vcc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Vec 4Vv | 5V 
| é 
| 
J+ ———— tt ——_——- 
| (600 ns TYP, 1000 ns MAX) | 
Active Low VOH 
Registered Output 1.5 V 
Fe aaa a VoL 
— toy? ad 
| | VIH 
CLK 1.5V 1.5V 
aa VIL 
l«—— 4 ——9! 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
¥ This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback (see Figure 3) 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tgy + th). 
However, the minimum fmax is determined by the minimum clock period (ty high + ty low). 

1 1 


(twhigh + twlow) Otsu + th) © 
CLK 


Thus, fmax without feedback = 


Logic | > 
Array 


tsu + th 
or 
ty high + ty low 


Figure 3. fmax Without Feedback 


fmax With internal feedback (see Figure 4) 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 
1 
T ith internal f k =. 
hus, fmax with internal feedbac ace tod CLK—to-FB) 


Where tod CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





J isa ae tod CLK-to-FB 4 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback (see Figure 5) 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + tpg CLK-to-Q). | 

{ 


Thus, f ith ext | fee kK = ——————_—_____—___... 
us, fmax with external feedbac anEe tod GLK—to—Q) 


CLK 


Next Device 





Figure 5. fmax With External Feedback 
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THERMAL INFORMATION 


thermal management of the TIBPAL16R8-5C 


Thermal management of the TIBPAL16R8-5CN and TIBPAL16R8-5CFN is necessary when operating at certain 
conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (Ta), and transverse airflow (FPM). Figures 6 (a) and 6 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 7 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C,_ = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 








MINIMUM TRANSVERSE AIR FLOW MINIMUM TRANSVERSE AIR FLOW 
vs | vs . 
AMBIENT TEMPERATURE | AMBIENT TEMPERATURE 
1000 
£ £ 
E 800 E 
< ‘ 
é & 
= 600 r 
< < 
é é 
@ 400 2 
E £ 
E E 
z 200 z 
£ £ 
= = 
0 
Ta — Ambient Temperature — °C | Ta — Ambient Temperature — °C 

(a) TIBPAL16R8-5CN (b) TIBPAL16R8-5CFN 
Figure 6 
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Pp — Power Dissipation — mW 
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THERMAL INFORMATION 
POWER DISSIPATION 


vs 
FREQUENCY 


Voc =5V 
Ta = 25°C 
C, = 50 pF 


8 Outputs Switchin gail! q 
7 Outputs Switching meet 

6 Outputs Switchi 

5 Outputs switching —cTT 


4 Outputs Switching Sy 


3 Outputs Switching |-— 


2 Outputs Switching |— 


f- Sei _ ae 
Figure 7 
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PARAMETER MEASUREMENT INFORMATION 


5 i 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V ———— 3V 
miming 1.5V HigieLene! 15V 1.5V 
Input (| Se Arete eee 0 Pulse | | 0 
toute th — 
Data | 1.5V ea “ pen poe | | 3V 
Input ; ‘ ow-Leve 
P : Pulse 15V 1.5V P 
see Note aT re ee 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
| 3V 
Output 
Control ‘ 
(low-level 
enabling) Ae Sa 






in-Phase 
Output 


[peers ee = 2.7V 
Waveform 1 | 15V | | | 
$1 Closed | ine, 2 ‘ 
(see Note C) os — 
tis Pl kt aoa VoL +0.5V 


V OL 
Out-of-Phase 20% | 1.5V 1.5V on | | 
Output go % 1 ar ten Pl ie ly 
hace: move 2) Pl iets ie tr Waveform 2 | —~— Vou | 
VOLTAGE WAVEFORMS ie Bet tb} 1.5 _ La Von -0.5V 
a me ee =0V 


PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C, includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tyjg. 
~ B. All input pulses have the following characteristics: For C suffix, PRR < 1 MHz, tr = ts = 2 ns, duty cycle = 50%; For M suffix, 
PRR s 10 MHz, t; = t¢ < 2 ns, duty cycle = 50% 
. Waveform 1 is for an output with internal conditions such thatthe outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
. Equivalent loads may be used for testing. 


mo Qo 


Figure 8. Load Circuit and Voltage Waveforms 





8 


TEXAS 
INSTRUMENTS 


2-92 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPS011D — D38359, OCTOBER 1989 —- REVISED SEPTEMBER 1992 
metastable characteristics of TIBPAL16R4-5C, TIBPAL16R6-5C, and TIBPAL16R8-5C 


At some point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop 
can influence overall system reliability. 


Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and is said 
to be in the metastable state if the output hangs up in the region between Vj, and Vj. This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From asystem engineering standpoint, a designer cannot use the specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


The circuit shown in Figure 9 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after system clock (SCLK). The exclusive 
OR gate detects the occurrence of a failure and increments the failure counter. 


Noise DUT Vv 










ViL 
Comparator 


IH 
Generator FO “1 Comparator MTBF 
i | Counter 
Data in 
: > = 
} > 
| i 
| 
| 


SCLK > 


ee eee 


ren 


SCLK +At P € 


Figure 9. Metastable Evaluation Test Circuit 
In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 


so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 10. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 


Data in 








SCLK 





SCLK + At 
le At >| - At-p| 
Time (sec) 


mere # Failures 


treo = At— CLK to Q (max) 


Figure 10. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (See Figure 9). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected ene 
pane 11 shows the results for the TIBPAL16’-5C operating at 1 MHz. 


409 
108 
107 


102 | folk = 1 MHz 
fdata = 500 kHz 


MTBF — Mean Time Between Failures —s 
P=) 
BP -S 





0 10 20 30 40 50 60 70 
At-— Time Difference —ns 


Figure 11. Metastable Characteristics 


From the data taken in the above experiment, an equation can ‘be derived for the metastable characteristics at 
other clock frequencies. 


ones: | -C2 x At 
The metastable equation: MEE 7 fscLK X fgata x C1 e (C2 x At) 


The constants C1 and C2 describe the mene characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 4.387 X 107% and C2 = 2.01 


Therefore 


1 -3 9 (-2. t 
a= = ISCLK X fdata x 4.87 x 1075 @ 2.01 x A) 


definition of variables 


DUT (Device Under Test): The DUT is a 5-ns registered PLD programmed with the equation Q: = D. 


MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a 
violation of the device specifications. 


fsc_k (system clock frequency): Actual clock frequency for the DUT. 

fdata (data frequency): Actual data frequency for a specified input to the DUT. 
C1: Calculated constant that defines the magnitude of the curve. 

C2: Calculated constant that defines the slope of the curve. 


treo (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. trec = At — toa (CLK to Q, max) | 
At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-5C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to Tl 
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 


Circuits.” 


TEXAS 
INSTRUMENTS 


2-94 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 





TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C 
TIBPAL16L8-7M, TIBPAL16R4- 7™M, TIBPALI6R6- 7M, TIBPAL16R8-7M 
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


RPS011D — D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992 


TYPICAL CHARACTERISTICS 


LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
vs vs 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 





Voc = SV, 
—10>- Tag = 25°C 


a a ae 
ae ae 





E B20 d 
3 3) 
5 3 —40 
3 o -50 v, 
3 3-60 rial 
z z 
F 3 o> —70 
br x 
| | 
-80 
2 i an 
-—90 
-20 —100 
0.8 -0.6 -04 O02 0 02 04 O6 08 0 0.5 1 1.6 2 2.5 3 
VoL — Low-Level Output Voltage — V VoH — High-Level Output Voltage — V 
Figure 12 | Figure 13 
SUPPLY CURRENT 


VS 
FREE-AIR TEMPERATURE 


loc — Supply Current —mA 





0 
~75 -50 -25 0 25 §0 75 100 125 
Ta —Free-Alr Temperature —°C 


Figure 14 
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TYPICAL CHARACTERISTICS 


2-96 


POWER DISSIPATION 


vs PROPAGATION DELAY TIME 
_ FREQUENCY vs 
8-BIT COUNTER MODE ’ SUPPLY VOLTAGE 

















Ta = 25°C 
Cy = 50 pF 
RT = 2009 
2 R2 = 200Q 
: 
iu l 
S 
: ee 
8 
re 3 tpLy (I, VO to 0, VO) Se ee ee 
o c 
d s 
o 
p : 
ao © 
a. 
0 
1 2 4 10 20 40 100 200 4.5 4.75 5 5.25 5.5 
f — Frequency — MHz Vcc — Supply Voltage —V 
Figure 15 Figure 16 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
” ” 
£ fa 
: : | VA 
= = } 
: ae. 
a oe a teu, (CLK to Q) SF 
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S nese S HK 2 
, to mca 
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TYPICAL CHARACTERISTICS 
SKEW BETWEEN OUTPUTS PROPAGATION DELAY TIME 
vs vs 
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING 
Vacqz=5V 
Ta = 25°C Tre 28°C 
R1 = 200 © CL = 50 pF 
R2 = 200 © R1 = 200 2 
C,. = 50 pF rs R2 = 200 Q 
&-Bit Counter , 
E 
E 
an) 
o 
xy 
Q 
c 
2 
o 
4 4 = tpHy (I, /O to O, VO) 
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0 = tpHi (CLK to Q) 
@ = tp_H (CLK to Q) 
1 2 3 4 § 6 7 8 
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Figure 19 Figure 20 
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TIBPAL16L8’ 


@ High-Performance Operation: CG SUFFIX... J OR N PACKAGE 


fmax (no feedback) M SUFFIX... J PACKAGE 
(TOP VIEW) 


TIBPAL16R’-7C Series... 100 MHz Min 

TIBPAL16R’-10M Series... 62.5 MHz Min 
fmax (internal feedback) 

TIBPAL16R’-7C Series ... 100 MHz Min 

TIBPAL16R’-10M Series... 62.5 MHz Min 
fmax (external feedback) 

TIBPAL16R’-7C Series . . . 74 MHz Min 

TIBPAL16R’-10M Series... 52.5 MHz Min 
Propagation Delay 

TIBPAL16L’-7C Series ... 7 ns Max 

TIBPAL16L’-10M Series ... 10 ns Max 


® Functionally Equivalent, but Faster than, 
Existing 20-Pin PLDs 





@ Preload Capability on Output Registers TIBPAL16L8' 
seabed eel M SUFFIX... FK PACKAGE 
@ Power-Up Clear on Registered Devices (All (TOP VIEW) 


Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


® Security Fuse Prevents Duplication 


® Dependable Texas Instruments Quality and 
Reliability 


see [ao [ote | SSS [ee 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
Praia] of 2 | 0 | 6 _| 
panera | 8 | 0 _| #(@atatobutfer) |_4 _| 
Pearsons | 8 | 0 | 6@atatebutier) | 2 | 
Pearsons | 8 | 0] 8 @statobufers) | 0 | 


description 









Pin assignments in operating mode 






These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results ina morecompact circuit board. In addition, chip carriers are available for futher reduction in board space. 


Allofthe register outputs are set to alow level during power-up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or lowstate. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL16’ C series is characterized from 0°C to 75°C. The TIBPAL16’ M series is characterized for 
operation over the full military temperature range of -55°C to 125°C. 
These devices are covered by U.S. Patent 4,410,987. 


IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





cts conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


Aicarake hele DATA information Is current as of publication date. 43 Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters. 
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TIBPAL16R4’ | TIBPAL16R4 
C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE | M SUFFIX... FK PACKAGE 
(TOP VIEW) : (TOP VIEW) 





TIBPAL16R6’ | TIBPAL16R6’ 
C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP MEW} 





TIBPAL16R8’ TIBPAL16R8’ 
C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE | M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode 
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functional block diagrams (positive logic) 


TIBPAL16L8’ 


* 
La 
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“\, denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6 
OE e 
CLK 
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CLK hs 
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“\., denotes fused inputs 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
Increment 


Numbers 0 4 8 12 16 20 24 28 «(31 


oR 


b vo 








it] | fl 
ZR Ree 
rit] fl » 
pa r | {| Testy {tt [yy] {Tf} Pf py ts 5 
Met ess Sp ae ef ee SRR eee eee, ee ” 
ae itt ifn 
ee ee ee . 
2 Tit tl 
i Pt yy yt 
ty} 
rT tt. ht 
tt tt 
+ Q 
3 
! 
Q 
4 
| 
Q 
5 
| 
Q 
' 6 
nee 
an 
| tt 
| | Q 
|| i 
BES 
' 7 || 
| | 
ann 
] || 
| |_| Q 
| ft Ree | | 
ri {ttf | 
eS ee ae = = 
8 ee eae Bal mae 
| tt] Eg BRRAe 
eee | | | Rh _ 
ae yt] i 
Ska aun Ee RRR Se ed 
em ee poe Nd Ee | csi o 
dpa OO 2 DS 2S a RUB? Jk » ; vO 
1952 itt | ff ERR eee ee ee eee eee, 
1984 Se ee ee ee eee, ee 
2016 SHAE HG ON DS OH SP De ee 
9 tt ttt tt te | 
I ma | iT Tri Titty Tirtt TTT TTT TTT aay -< 11 
<p— OE 
Fuse number = First fuse number + Increment 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-105 


_ TIBPAL16R8-7C 
TIBPAL16R8-10M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


SRPSOO6D — 03115, MAY 1988 - REVISED MARCH 


logic diagram (positive logic) 
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Fuse number = First fuse number + Increment | 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage). VGe (see Note 1) sic ada e disci sdw ees Wain Gaieane cee iw de notes ee bhuSie tens 7V 
input VOlweage (S66 NOG) cencsdcc arene tiene onacie sad ehGares ee te aua ou eb eeateay saad paaeaseae 5.5V 
Voltage applied to disabled output (See Note 1) 1... cece ccc cence teen cence ete nent eeenens 5.5 V 
Operating free-air temperature r€nge ..... ccc cece ete ete tence eeeeveteeteeeneeenes 0°C to 75°C 
Storage temperature FANGS 2... cece eee cette eee ence tenet oneness eeneenees —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions : 


Voc Supply voltage 4.75 5 5,25 
VIH High-level input voltage (see Note 2) 
VIL | 




















FVi_____Lowelevel input voltage (sseNoto2)——SSSSSSCSCSC~—~—SCSCS*SSSSCSSTSCSCSC~ BY V+ 
oH __Highleveloutputourent———SSSSSSCSCSCSCSSSSSSSSSCSCSCSCSCSCSCSCSSSSCSCS~S Bm] 
lot Low-level output current PF 4m 
folock Clock frequency | 0100} MHz 
High 

tw Pulse duration, clock (see Note 2) ar | » | 
ta Setup time, input or feedback before clockT | 7s 
th Hold time, input or feedback after clockT i Sa ns 


A Operating free-air temperature 
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


Veo= ATE i= =18mA eae TM 

V 

Wo ee ere ee 

loz’ | voo=528v,_Vosa7v SSS SSSS~—s0 

id veg 2825, ev SCS—SCSSSSCS~SOO 

oss «dL Veo =525,——Vg=05V—SSCSCS~S~S 80-100 ma 
= 160 


















Vi = 0. 
loc Voc = 5.25 V, Vj =0, Outputs open 180 
j= 1 Miz Vie2V ee ee ae 
(= tMHa Vo=2V ae ee ee 
(= 1 Miz Vouk =2V [+ | 


Tal typical values are at Vcc = 5 V, Ta = 25°C. 

F/O leakage is the worst case of loz, and Ij, or loz} and Ij} respectively. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
(INPUT) (OUTPUT) 


| . without feedback 
frayt | with internal feedback 
max (counter configuration) 
' with external feedback 
tod 































1 or 2 outputs switching 
I, /O 0, 1/0 Pe 
8 outputs switching R1 = 200 Q, 
R2 = 990 0, 
tod® Feedback input See Figure 6 








0,1/0 
VO 0, 10 
Skew between registered outputs 


Tall typical values are at Voc = 5 V, Ta = 26°C. 
See section for fmax specifications. | 
This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 4 for illustration) and is calculated from the measured fray with internal 
feedback in the counter configuration. | 
This parameter is the measurement of the difference between the fastest and slowest tod (CLK-to-Q) observed when multiple registered outputs 
are switching in the same direction. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voce (see. Note 1): oi cince esas bee ewes Vee bes os bed te csae Ieee eee wreseew ar 7V 
Input voltage (S66 NOG 7)” sats pce tithe aout ekede wee eRe eae eeu renewed ms oeaasens 5.5 V 
Voltage applied to disabled output (See Note 1) 2... eect ee cette ee eee eee eee ne neces 5.5 V 
Operating free-air temperature r€NGe 1... . cece eect ee eee eee en eeeeeens —§5°C to 125°C 
Storage teMperaturerange: assis cists eve viwereedastawteorsses ee tow wesueeeaes -65°C to 150°C 


NOTE 1: These ratings apply. except for programming pins during a programming cycle. 


recommended operating conditions 
a es 
eae ERA REMORSE 
[lon __Highieveloutpatourent——SSCSCSCSCSCSSCSCSC*idSCS 

lOL Low-level output current 
62.5 


Pulse duration, clock (see Note 2) 


Setup time, input or feedback before clockT > as 


= Hold time, input or feedback after clockT 

















TA Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


oo TEST CONDITIONS MIN TYPT MAX — 














Voc =4.5V, l)=-18mA 08 -15/ V | 
ane Voo=45V ioH=—2mA EE ee 















Wor +d oo = 45 io. =12mA 03 os] Vv 
iOZH 100 | nk 
0, @ outputs 

‘apf [oa cutouts 
ozu* ie porte ie 
fi SS~wdSC = 8B Viz 55V Ce 


lH —— Voc = 5.5 V, Vp=2.7V | ya | 


mM —SSSSS*dCV = 8B Vis0aV [0080.25 [ma 
Ca A) 
Voo= 5.5 Vi = GND, Outputs open | _140__200 | mA 
(earner! REC EEX Cae ar sea RD 
TT A AAC aE AAS SAN Bo 
[Cones d= THe, ——SVouor=2VSSSSCSC~—~—SSSSCSC—CSCSCSC~*dC 


Tall typical values are at Voc = 5 V, Ta = 25°C. 

t1/0 leakage is the worst case of I9z,_ and Ij, or IOZH and |}} respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
f 
(INPUT) (OUTPUT) 


foie with internal feedback 
max (counter configuration) 














|, VO 0, V0 R1 = 390 9, 
cut | a R2= 750 0, 
_ CLKT Feedback input See Figure 6 






Pp ten | dT 
a Sa ee: aes See ee 
iW 0, VO 

1, VO 0, VO 

T all typical values are at Voc = 5 V, Ta = 25°C. 

See section for fmax specifications. fray with external feedback is not production tested but is calculated from the equation found in the fmax 
section. 

This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 4 forillustration) and is calculated from the measured fray with internal 
feedback in the counter configuration. . 
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Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. 
Step 2. 
Step 3. 
Step 4. 


With Voc at 5 voits and Pin 1 at Vj,, raise Pin 11 to ViypH. 


Apply either Vi, or Vj} to the output corresponding to the register to be preloaded. 
Pulse Pin 1, clocking in preload data. 


Remove output voltage, then lower Pin 11 to Vj_. Preload can be verified by observing the 


voltage level at the output pin. 





VIL 


| | 
| TT ViH | VOH 
—~— = VIL 


VOL 


Figure 1. Preload Waveforms 


NOTE 3: tq = tgy = th = 100 ns to 1000 ns Vip = 10.25 V to 10.75 v 
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‘power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vac be monotonic. Following power-up reset, a low-to-high clock transition must not 

occur until all applicable input and feedback setup times are met. ! 


Voc 4V 5V 
| | 
¢§ tog! ————— | 
| (600 ns TYP, 1000 ns MAX) | 


Active Low VOoH 
Registered Output 1.5V 
7 nan Pe we Gree VOL 
K— teyt > 
| | ViH 
CLK 1.5V 1.5V 
| ; T= VIL 
tw 


T This is the power-up reset time and applies to registered outputs only. The values anown are from characterization data. 
¥ This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data holdtime (t,y + tp). 
However, the minimum fmay is determined by the minimum clock period (tw high + tw low). 

1 1 


f ithout feedback = ———~—-——__~”- or 7-—_—_~ . 
Thus, fmax without feedbac (twhigh + twlow) 2 (tsu + th) 


CLK 


LOGIC > 
ARRAY 


tsu+ th © 
or 
ty high + ty low 
Figure 3. fmax Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 

ae 1 
Thus, fmax with internal feedback = Ee tb CLK—to—FB) ° 


Where tod CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





+-—— tsu oe tpd CLK-to-FB 4 


Figure 4. fmay With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsy + tod CLK-to-Q). 


Thus, fmax with external feedback = 1 


(tsu + tog CLK—to-Q) ° 


CLK 


NEXT DEVICE 





pu fe pace 


Figure 5. fma, With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 






‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
tao (85 V) [8 V) 
3.5 V)I3 High-Level 
Timing ao (3.5 V) [3 V] Pulse 15V 1.5V 
Input | | (0.3 V) [0] 
+ ————— (0.3 V) [0] K$— ty —I 
teu IT th | | 
—-—— (35V)I3 3.5 V) [3 
Data : v pes Low-Level (3.5 V) [9 V] 
Input 1.5V 1.5V isch 15V 1.5V 
(0.3 V) [0] Hae me = = (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
ouates (3.5 V) [3 V] 
—— — — (3.5 V) [3 V] Control 
Input 1.5V 1.5V (low-level 
p | | (0.3 V) [0] enabling) EieeGreee (0.3 V) [0] 
tod —q—p | tod 
In-Phase | | - sy oH 33,3V 
Output . Waveform 1 Vo; +0.5V 
VoL $1 Closed ee, Mae 
—P-—t (see Note B) — +. — VoL 
tpd —¢— i | ee ae 
Out-of-Phase | 15V | 15 a ten Pi fe- — a V 
Output : : Waveform 2 | ES OH 
Note D ——-—-YyV $1 Open 
eran ie (see Note B) 1.5V a VoH -0.5 V 
VOLTAGE WAVEFORMS SRR =O0V 
PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


NOTES: A. 
B. 


C. 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


C_ includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdjs. 

Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (), PRR < 1 MHz, 
tr = tf = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets [], PRR < 10 MHz, t, and tf < 2 ns, duty 
cycle = 50% 


. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE . : SUPPLY VOLTAGE 













, 


—— tpHL (I, VO to O, I/O) 


tpLH (I, VO to O, I/O) 


loc — Supply Current —mA 


Propagation Delay Time — ns 
> 
: it aa 


1 Output Switching 





0 —— 
~75 -50 -25 0 2 50 75 100 125 4.5 4.75 5 §.25 §.5 
Ta —Free- Air Temperature —°C Voc — Supply Voltage - V 
Figure 7 Figure 8 
PROPAGATION DELAY TIME . PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 





2 = 2 
| se a | 
E TPL (1, VO to 0, Vo) = is 
i - 
s s 
4 8 
c & 
s S 
3 o 
2 2 
a. rf ’ , 
2 6 
o. ou. tpLH (I, /0 to O, VO) 
; ae a 
~75 -50 -25 0 2 50 $75 100 125 0 100 200 600 
Ta —Free-Air Temperature —°C CL — Load a aeees er 
Figure 9 Figure 10 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIMEt 
FREQUENCY vs 
8- BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Voc=5V 
Ta = 25°C 
R1 = 200 Q 
R2 = 390 Q 
C, = 50 pF 
8-Bit Counter 


Pp — Power Dissipation — mW 
‘skew _ Skew Between Outputs Switching — ns 





F — Frequency — MHz Number of Outputs Switching 


Figure 11 | Figure 12 


PROPAGATION DELAY TIME 
VS 
NUMBER OF OUTPUTS SWITCHING 


Voc =5V 
Ta = 25°C 
C. = 50 pF 
R1 = 200 Q 
R2 = 390 2 


Propagation Delay Time — ns 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 13 
to utputs switching in the same direction (tp_H compared to tPLH/tPHL to tPHL) 
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C 
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TIBPAL16L8’ 
C SUFFIX... J OR N PACKAGE 


@ High-Performance Operation: 


fmax (w/o feedback) M SUFFIX... J PACKAGE 
TIBPAL16R’-10C Series .. 62.5 MHz Min _ Edit 
TIBPAL16R’-12M Series... 56 MHz Min 


fmax (with feedback) 
TIBPAL16R’-10C Series .. . 55.5 MHz Min 
TIBPAL16R’-12M Series... 48 MHz Min 
Propagation Delay 
TIBPAL16L’-10C Series ... 10 ns Max 
TIBPAL16L’-12M Series... 12 ns Max 


@ Functionally Equivalent, but Faster than, 
Existing 20-Pin PLDs 


@ Preload Capability on Output Registers 
Simplifies Testing 





@ Power-Up Clear on Registered Devices (All TIBPAL16L8’ 
Register Outputs are Set Low, but Voltage C SUFFIX... FN PACKAGE 
Levels at the Output Pins Go High) M SUFFIX... FK PACKAGE 

@ Package Options Include Both Plastic and OP ere 


Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


@ Security Fuse Prevents Duplication 


@ Dependable Texas Instruments Quality and 









Reliability 
DEVICE 3-STATE REGISTERED /O 
nipure © OUTPUTS Q OUTPUTS PORTS 
pata 0 | 2 | 0 | 6 


Teariene |e | 0 | 4 @aatobiter) | 4 | 
rations [8 | 0 _| 6(@statobuters) | 2 
rpatiena | 6 | 0] 8 (@-tate butters) | 0 


description 





Pin assignments in operating mode 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results ina morecompact circuit board. In addition, chip carriers are available for futher reduction in board space. 


All of the register outputs are set to a low level during power up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL16’ C series is characterized from 0°C to 75°C. The TIBPAL16’ M series is characterized for 
operation over the full military temperature range of -55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





ucts conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily include 


fea co DATA information is current as of publication date. St Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters. : 
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TIBPAL16R4 TIBPAL16R4' 
C SUFFIX ... J OR N PACKAGE : C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 


(TOP VIEW) (TOP VIEW) 





TIBPAL16R6’ TIBPAL16R6’ 

C SUFFIX .. . J OR N PACKAGE C SUFFIX... FN PACKAGE 

M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) Orem 





TIBPAL16R8' TIBPAL16R8’ 


C SUFFIX .. . J OR N PACKAGE C SUFFIX... FN PACKAGE | 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode 
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functional block diagrams (positive logic) 


TIBPAL16L8’ 





TIBPAL16R4’ 

OE 
CLK 

Q 

Q 

Q 

| Q 

V0 

V0 

/O 

1/0 





“\, denotes fused inputs 
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functional block diagrams (positive logic) 
, | TIBPAL16R6’ 


OE 
CLK 





TIBPAL16R8’ 


oe —— 
CLK > 


JPBUP VU] 





“N, denotes fused inputs 
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HUTT Ts 
UL 


© © ,®) 2) 2) © 9 


TIBPAL16L8-10C 
TIBPAL16L8-12M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPSO17 — D3023, MAY 1987 - REVISED MARCH 1992 


logic diagram (positive logic) 


1 


First 
Fuse 
Numbers 


2016 


See 
D>, SRERSOee SU] ah A ed Oe 


Increment 


aaa ae araaa eae ea Oa 


0 4 8 12 16 20 24 28 «31 
EOE eS 


a a ee 
i R06 lS OS ea eG CS FC al" ea 
SRR REE eee eee ee ee ae ee ee ee ee 
| ee ee 
| ¢—t tt de 
RRA Rt eh ee ee ee 


SERGI Teecerensccescceecteeeect=stt+ =o == 


: 
HK 


bo 
BG De a Oe as HU RH See HO ee, ; vO 
Len Mesh hc ee eee ee ee | ae 
et tt tpt tt 

Oi Ee aS a a i i > Se vo 
pp 
Nb HS COG OE HR HE Le (SR kB HA SRR CR OP 8, 
et ptt tt tf tt TL 


& iS ee 2 ee s Es 
ptt ttt tt pp Do vO 


On ll a SH OG vo 
OSE Kal a A ON DW OB 
OOO © Qe 
O00 ee, 


a a 
a at pt e 11 


Fuse number = First fuse number + Increment 
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TIBPAL16R4-10C 3 
TIBPAL16R4-12M ot | 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 
SELON — D3023, MAY 1987 —- REVISED MARCH 1992 
logic diagram (positive logic) 

4 ad 





CLK >. 
Increment 
First 
Fuse 
Numbers 0 4 8 12 16 20 24 28 «31 


Be I Ma a GD GA a 
Poy aeaen OOD  e 


19 


= 
Oe : 
gt Be EDU ES ME a OO a BRT lS Re” y ue 
a RS SE EN a Oe Dt te © 
000 eS 


: 


vo 





= BS 4 
eg 0 el DS RO a GH 
5 oa tl GS SE SD SN A 
9 a ON a A SO DO 
1—> > ee 


Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
1 


CLK > 
increment 
First 
Fuse 
Pe rity Tf ety [Tt t TTT, Tifty fyyy Tritt TiTtT | 
84 ryt y Ti {7 Jyy] Tf] rT { Jj] | Lt Ts 
98 Ham | | | eR Lt 
128 el ds Ae dhe ed See MP oe ss Pepa Safa pe Role ee ude silo Bole ‘ 0 
160 2 8 SH A ST) Ra HP OD, SE 
192 Ee Ee 
rit] ff ft a Tetitl Ji tt Tit pa 





| 
rn Pei ea ci es ll oe tal T_] Q 
4s — er 
pene la RR GO T. eee i Sl isl Fel 
3 | : _tTrll_tt. T TTtTt_ttil_ 
1 mm _itltil | PSS See ens ee TT) till. «Kil 
poe a 2 ee eee 
gee KR MR SE I OSD a 
ite | Te eel LL Le Lh Le 
aa Bs rrr titrl jTrir Tritt Tfrrte titre éX_ 
yp SC LG Ot a CO CD Ga Gd GU GA Q 
eo = Ee EE ee ae 
gt SE EL OOM OU WAM CR SD ea 
bh rr_ tli) ttitt IritlLithetettteettetttt_ 
4 ioe oe a rT tTliltLerfiftltfessttiltLctltttH tL 
1 tI tl [iit a 
sah GS a A OE kL ER Ge RE OH a EG OE 
hs ie MR) AN SN HE BR et AE OSG OO 
ye eRRaRs Sl Sa A OO AS A 
GEN HR Set DB RE OS SY Oe 5 1 16 
es SO OO EO 6 AE So Q 
ee OA A ON OO 
gs BS RE RW 6 Ce AT MY ene | oe 
pong TTT? ftitt Tffitetitet tee 2a b> Cb 
5 el ea ied | Ty ftir Ittit ttt ad | 
1 > 2 eee Qn ee ee 
ie TT os ee CC a 
bya il = SoS ee Se ae ee ee 
en A Wa i PR RO RB OH RD SR 
po OS el GO DA? Hl tO A 8 RS Gl Se SE) il SO US OO 15 
aE Trl tii rifirtr tte te SL No Q 
va Trt titer Cr TT 2. oe 
eee A HM lA) GC OG AR EB a 
1348 Pe ee le ela ee CC b> O1b 
6 SSR ey ry titltitit ttl Cd | 
i mI TTT Trrr Tit Trt Gees eee eee eee 
crs Ws EN Aa Sa Ca eo OD FS 
ge! TS SEY GE tC GE Hl ER Gl SB 
Trt ttt tt tenn ttt ttftt rt 


TTT rn 
em ES et GRE EG HY SG GG RT OB NG OS 
frie tLe lo LLL LL LLLIUOUOL LLL oe 





pj oe RO RR SO RS A A a sa 
HTC SRE el Ee CRS GE 
ka Bl Gl SPR GS OA GO Fe 
7 200 ey Pe 
'—P— eee eo 
Hie a fe 5 A et a os a wm 
fee le eae I OE 6 SG 
a aE Hl Sa SG Wie a ED lH Soo, or 
ainsi i a RS OS eS 
bj Ol GR TO TG te HC Oak AE A RO Q 
pee cad ks i See CC Oe Se a a 
AN lA | EB BRE A SG ORE ER SO 
a GRY GN GE lS SAR lB OR SR 
8 SS OE OA sane 
I—p— eee ee 
el WE i AR DA A 0 ET OR SA Her ES 
jai i GS HE OR il OY eel GW LO ll el 
al EL el SD aS ne a OSS 
tena eee rr OD HP 
er i ES OR SR SM SE GE vO 
a Bl! lB SC FE RE BB EA GE NEE BR 
ga Yl NE 2G ET FR OO RS PE 
a SPS 2 HH El GU We 
O00 ey 
licccecy P, SUORRRR H D B ORESRO RB RA CG SERS 8 RS I RE a GG 
OE 


Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 


CLK > 
: Increment 
First 
Fuse 





Numbers 2 4 8 12 16 20 24 28 31 


= COC 
el ae Ne a DW Fe a De Da DW, 


gee 6 RET SRE Ge SD a GU WS SL 
2 3 Ss 2 We a WH 
IP ee 
ae ol de 
deme al 0 A al Dt as OS AR CO 
pe SSR OS ERE 25 OR GR a el A Dm Wl RR OE 


Ei 
zi See ne 
I— DE ee 
b eapenia es RY SO WS 
a SS A EO = 
oe a ERR SPR TY See El Sa OY 
Cer thee ese ee ee 


4 , ie a ee ee a a et faeces 
i D> RS Os OO TT TOOT eK 
ee Se eee 
oa aes DS Oe aR a a ee ee ee 


eh =a kw » 
‘Tht cle Lt Le LL ee Ce LLL oe 
5 28% TOT 


200 Se Pe 
{ame Snot a a ok ol el 
ao gy 0 Se oa OY 
> Sa BG WRC EO al WP tO Gl 
ge RB SEO SB Ge ER OO SS 
ca a 8 Dl Sa CR BO AA OR A a 5 BL BBS REE 
a A A Sk OB NARS 5 a RSE EB 
ee ee ee eo 
eats Ml el pm GG Se i St NE a OY OS a GO 
aa OG 2 SR a A a Od 
6 S00 Pe 
Tag et lt a SD ER a) OG CR BB 
Scene (0 SD TP eh RS DB 
a ME EF 6 DCE 
em SLO SG DSO ER tS a OE A 
oar) SA a eS 2 PH AY el ARO a 
tO a A 
aa A LU 8 GP DN A OO 
ee CH SE te etl a 
ea le a0 A OO A DK 
7 a See 9 Pease 
ee 
go al a a Em 2 el ol a 
ga A SG as 
sl SS yO 
om al ES a a WE ORS A 
gS tS 2 HE ES RR 0 DY CD 0 
aa a A SS SR A SR lB BY 
ed BT SD OO Sd) el EO ED a OE SRY EO CE 
et me TE lS 
8 Be SS A A OR GA RE SSD a ES 
(— TTT eee eee 
segs 8 eK dD 
Re 60 FO AE AG ET el YE! BES oo RE 
saa SB 0 OO IN SO? A EO SR 
a 1 
a A 6 a 
a a cae 
a Ba HN ie is 


ae 
i ae i 
41984 Se a i ae Li 
2016 A 2 Fe 0 Ea GG HU Hae SA a 2 PR SO CR OD eS, GR, 
ae ie’ | hl 
I > Da eee he ee ee ee 





Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vee (See NOlG 1) jain tak Gaktw tae tera ket tae kates eerie daa eewwe eee es 7V 
InbutvotaGe (SCe'NCle 1). esang inc seas eee vet ee ewendacewa tretes Uw taseate tessa cna 5.5 V 
Voltage applied to disabled output (See Note 1)... cece cece eee eee een ence eee eenaes 5.5 V 
Operating free-air temperature range .... cece ccc ence eee ete e net ee ene eenees 0°C to 75°C 
Storage TEMPEratule TANS: a6 sn6a.ruscran aces euceecanatawdeee wade Kees cae twessawes —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 






[MINNOW MAX] UNIT 












Voc Supply voltage 4.75 5  §.25 
VIH High-level input voltage (see Note 2) 2 5.5 
VIL Low-level input voltage (see Note 2) a aa 
io __Highvfevel ouput curen 
lOL Low-level output current 
flock Clock frequency 0 62.5 
High fo 
tw Pulse duration, clock (see Note 2) pow = 
tey Setup time, input or feedback before clockT i 
th Hold time, input or feedback after clockT ar ae ee 
TA Operating free-air temperature 0 25 75 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


TEST CONDITIONS 
Vous 476 = =18mA ee 
Voo= 476 ioH==82 mA Tar ae 
Voo = 4.75, lon = 24 mA a ee 

Voc = 5.25 V, Vo =2.4V P1000 

eerie oO 


Voc = 5.25 V, Vo =0.4V 
Voc = 6.25 V, Vj=5.5V 


V 
V 
V 
P| mA 
Voo = 525, Vin2aV a 
mA 
mA 
pF 
pF 


Vcc = 5.25 V, V} =0, Outputs open | 140180 


f= 1 MHz, Vj=2V 


Tima 
oF 


f= 1 MHz, Vo=2V 


f = 1 MHz, Vio =2V aa aaa 


T All typical values are at Voc = 5 V, Ta = 25°C. 
/O leakage is the worst case of loz, and li_ or lozH and |; respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 


100 
0.2 
25 
Voc = 5.25 V, Vo =0 -30 -70 -130 
140 180 
5 
7.6 








% 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 2-127 


TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPS017 — D3023, MAY 1987 — REVISED MARCH 1992 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM _ TO 
PARAMETER (INPUT) : (OUTPUT) TEST CONDITION MIN TPT MAX 


With feedback 55.5 80 
Without feedback : 
td 












O10 Ri =200 0, 
Se oe 
ET 







. C 
[el CSc Figures 
ei ee 






10 0,10 
eS DT HIS 


Tall typical values are at Voc = 5 V, Ta = 26°C. 


Pf chwith feedback). (a ae 1 
max( ) teu + tog (CLKt0Q) fmax(without feedback) = + Hor oe ew 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vice (S66 NOC) ace nesciweiagaesiiwniucewosediteke see ceeeaie re eile dees oe 7V 
impuevoltage (See INOS NT): fasted cdot eas Tae eee es hehe e ee eean eens hecteeate 5.5 V 
Voltage applied to disabled output (See Note 1) 11... cece cece eee ee eee eee teens eens 5.5 V 
Operating free-air temperature range ....... ee ee ee ee re Te eee —55°C to 125°C 
Storage temperature ange: “aieu ides caencatiedne deg bs wank ta Setauae teakwaca maces —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Voc 
VIH High-level input voltage 
VIL i 










Low-level input voltage ee 
[oH ___High-evel output current 


iL ___Lowelevel output curren 
folock Clock frequency 0 56 


, High ae 
tw Pulse duration, clock (see Note 2) ina 


u Setup time, input or feedback before clockT i ree Pee 


tg ime, i 11 
th Hold time, input or feedback after clockT = ae 
TA Operating free-air temperature -55 25 125 Pees 3 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


VOL Veo=4.5V, lou = 12 mA 
Vo = 5.5 N, Vj =5.5V 
Voo=85V.vin2av 
OS accent 

































los Voc = 5.5 V, Vo = 0.5 V -30  -70 ~-250 
Voc = 5.5V, Vv = GND, Outputs open 140 220 


f=1 MHz, W=2V . 
f=1 MHz, Vo =2V (reece: Voie (EY ae 
f= 1 Ma, Vio=2V 
f= 1 Miz VouK=2V ese eee eat 
Tall typical values are at Voc = 5 V, Ta = 26°C. 

+10 leakage is the worst case of I97,_ and lj_ or IOZH and |i} respectively. 

Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) | 
FROM 
— 


ae aaa 
pt KT 
a aes 
rae ee eee eee 













TO 
(OUTPUT) 


















Ri = 390 Q, 
R2 = 750 Q, 
See Figure 3 


ii 


T All typical values are at Voc = 5 V, Ta = 25°C. 


1 
* fmax(with feedback) = teu + tpg (CLKt0@) ’ fmax(without feedback) = Sri be 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
‘programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj,, raise Pin 11 to Vip. 

Step 2. Apply either Vj, or Vj4 to the output corresponding to the register to be preloaded. 

Step 3. | Pulse Pin 1, clocking in preload data. 

Step 4. | Remove output voltage, then lower Pin 11 to Vj,. Preload can be verified by observing the 
voltage level at the output pin. 





VIL 
| lq tsu —»| Ly ta 
ke tg le tw} ! 
| Oe eo te ase ViIH 
Pin1 | | | 
| | | VIL 
| | | | 
} l 1 VIR | VOH 
~~~ VIL VOL 


Figure 1. Preload Waveforms 


NOTE 3: tg = ty = th = 100 ns to 1000 ns Vipy = 10.25 V to 10.75 v 
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power-up reset (See Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Voc 4V 5V 
= | 


| ted’ ————> 
| (600 ns TYP, 1000 ns MAX) | 


Active Low ? VOH 
Registered Output 1.5V 
7 pee ee VOL 
K— tout >| 
j _ | a Vi 
CLK 1.5V 1.5V 
Seen aL 
— tw 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. . 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 











‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
tC ——— (85 V) [8 V] 
High-Level 
Timing (3.5 V) [3 VJ Oe aiee 15V 1.5V 
1.5V 
Input : | | (0.3 V) [0] 
+ ————— (0.3 V) [0] k¢— ty —i 
teu I th | 
——-— (35V)[3V (3.5 V) [3 V] 
Data | a ( a 
Input 1.5V 1.5V sacha 15V 1.5V 
(0.3 V) [0] ——-—-— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
ge eee (3.5 V) [3 V] Control 1.5V 
Input 1.5V 1.5V (low-level A. 
| | (0.3 V) [0] enee i) _ ~——— eso) 
ten ke 
tba —¢—> weds ‘pd ba ies le 
In-Phase | | yn eee oe Pee = 3.3V 
Output . Waveform 1 | 1.5V VoL 10.5 V 
VoL $1 Closed | N : / oe, Ma 
1'—P— tog . (see Note B) — — VoL 
ted —¢-— Di . = : | tds it t 
Out-of-Phase tee Tag Ph: IS LW y 
Output : . bier Ai 2 | an PY ah OH 
see Note D —-—-yV pen 
( ) OL (see Note B) 1.5V VOH -0.5 V 
VOLTAGE WAVEFORMS  0—OA-—_( i =OV 
PROPAGATION DELAY TIME 
= VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tgjs. 


B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (), PRR < 1 MHz, 
tr = tf = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets [], PRR s 10 MHz, ty and tf s 2 ns, duty 
cycle = 50% © 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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metastable characteristics of TIBPAL16R4-10C, TIBPAL16R6-10C, and TIBPAL16R8-10C 


At some point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop — 
can influence overall system reliability. 


Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain andis said 
to be in the metastable state if the output hangs up in the region between V), and Vj. This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From asystem engineering standpoint, a designer cannot use the specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


The circuit shown in Figure 4 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after SCLK. The exclusive OR gate detects 
the occurrence of a failure and increments the failure counter. 









ViL 
Comparator 


Noise DUT Vin 
Generator reer" 7 Comparator | MTBF 
| | Counter 
DATA IN 1D 

| i 
| : 
| 
; 


SCLK > C1 


L= 


Figure 4. Metastable Evaluation Test Circuit 


ee 


SCLK +At 


In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 5. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 








Data 
SCLK | 
CE Oe eae) ee ee 
SCLK + At ) | : | . 
a le At >| At > 
__ Time (sec) . 
mer # Failures 


trec = At— GLK to Q (max) 
Figure 5. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (see Figure 4). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop. 
Figure 6 shows the results for the TIBPAL16’-10C operating at 1 MHz. 


MTBF (s) 


folk = 1 MHz 
fdata = 500 kHz 





0 1 #2 30 40 «50 60 ~~ 70 
At (ns) 


Figure 6. Metastable Characteristics 


From the data taken in the above experiment, an equation can be derived for the metastable characteristics at 
other clock frequencies. 


The metastable equation: — = fscik * fgata x C1 e (~C2 x At) 


The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 9.15 X 107” and C2 = 0.959 


Therefore 


oF = fsck * faata x 9-15 x 1077 @ 9.959 x At) 


definition of variables 


DUT (Device Under Test): The DUT is a 10-ns registered PLD programmed with the equation Q: = D. 


MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a 
violation of the device specifications. 


fsc_k (system clock frequency): Actual clock frequency for the DUT. 

fdata (data frequency): Actual data frequency for a specified input to the DUT. 

C1: Calculated constant that defines the magnitude of the curve. 

C2: Calculated constant that defines the slope of the curve. 

treo (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. treg = At — tpg (CLK to Q, max) 

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-10C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to TI 
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 


Circuits.” 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 
VS 


FREE-AIR TEMPERATURE 





PROPAGATION DELAY TIME | 


VS 
SUPPLY VOLTAGE 





g z 
| 
- - 
s 2 
8 a 
8 8 
a. a. 
° £ 
0. a. 
3 3 
-75 -50 -25 0 2 50 75 100 125 4.5 4.75 5 §.25 5.5 
Ta —Free- Air Temperature —°C Voc — Supply Voltage — V 
Figure 7 Figure 8 
PROPAGATION DELAY TIME 


NUMBER OF OUTPUTS SWITCHING 


Voc=5V 
Ta =25°C 
C. = 50 pF 
R1 = 2002 
R2 = 390 ©} 


Propagation Delay Time — ns 





Number of Outputs Switching 


Figure 9 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
PROPAGATION DELAY TIME vs 
vs FREQUENCY 
LOAD CAPACITANCE 8-BIT COUNTER MODE 





= 
E 
c 
) 
ra) 
me 
” 
VAs : 
YA. A $ 
tPLH (CLK to Q) e 
: tpHL (CLK to Q) . 
eA y tpLy (|, VO to O, /0) 
tpHL (I, /O to O, VO) 4 
100 200 300 400 500 600 1 4 10 40 — 100 
Cy — Load Capacitance — pF F — Frequency — MHz 
Figure 10 Figure 11 
SUPPLY CURRENT 


vs 
FREE- AIR TEMPERATURE 


loc — Supply Current —mA 





00 
75 -50 -25 0 25 50 75 100 125 
Ta —Free- Air Temperature — °C 


Figure 12 
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@ High-Performance Operation: J SRW PACKAGE 
Propagation Delay... 15 ns Max (TOP VIEW) 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


@ Package Options Include Ceramic DIPs and 
Ceramic Chip Carriers 


@ Dependable Texas Instruments Quality and 
Reliability 


3-STATE REGISTERED vo 
acute O OUTPUTS Q OUTPUTS PORTS 
paisa] i | 2 | 0 | 6 | 
paLiona| 8 | 0 | 4@atatobufen) | 4 







Tratiene | 8 | 0 | 6(@atatobutter) | 2 TIBPALI6LE? 
Peatrens | 6 | 0 | @@atatobutters) | 0 FK PACKAGE 
(TOP VIEW) 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT-X™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


The TIBPAL16’ M series is characterized for 
operation over the full military temperature range 
of -55°C to 125°C. 





Pin assignments in operating mode 


IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA Information is current es of publication date. j inst i 

Products conform to specifications per the terms of Texas instruments Copyright © 1992, Texas Instruments Incorporated 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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TIBPAL16R4’ TIBPAL16R4 
J OR W PACKAGE 3 FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


10 11 12 4 





TIBPAL16R6’ TIBPAL16R6’ 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8’ TIBPAL16R8’ 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


2 1 2019 
18 


7 
16 
15 


14 
10 11 12 13 





Pin assignments in operating mode 
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functional block diagrams (positive logic) 
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CLK 


“\, denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL1I6R6’ 


OE — 
CLK 


TIBPAL16R8’ 


OE 
CLK 


“Nz denotes fused inputs 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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[a 


ee ae 2 Se TK Q 

ye OR BF ee 

pe UE RS DBD a Ua Sl ol me as > 1p 
6 SF 4 


> St ee See ee ee eee ee eee Re ee ee 


Fuse number = First fuse number + Increment 
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS018 — D3338, JANUARY 1986 - REVISED MARCH 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; Von (see Nolte 1): scceerieciedadacciawedndig oa twsteeeeeesce teteeua waseaiedd 7V 
input vokage (See NOG 1). secseuatesrcoeadtaedidatenrmad ouamete oon eheaeee teense ee beaaieds . 5.5V 
Voltage applied to disabled output (See Note 1) 2... ce cece ee teen eee eens Se itd ateiae 5.5 V 
Operating free-air temperature r€NGe ...... cece cece eee ee eee eee eee eee e teens —55°C to 125°C 
Storage temperate range: wareccivudsrivedewks vaya cers sian vesiuewaseeawe bus oily —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 






















IN NOMA ONT 
Vi _LowlevelinputvattageSSSOSC—~SCSCSCSCSCSSCSdSCS 
lOH High-level output current 
lOL Low-level output current 
folock Clock frequency a ee 
tw Pulse duration, clock (see Note 2) =e pha | 
tsy Setup time, input or feedback before clockT i= WSs. cs. ne ta). ee 
th Hold time, input or feedback after clockT | 0t—“‘i‘w;'‘ti 
TA Operating free-air temperature -55 25 125 





NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, folock. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS . MIN TYPT MAX] UNIT 
2.4 3.3 











Yoo= 45, [==18mA 
Veo =45¥. ioH=-2mA_ aaa 
Veo =45¥ iou= 2m 


0.5 
[odes |e eer 
OzH [ropes | Yoo=58¥ ik 
—20 








Output ar 

| cal Voc = 5.5 V, Vo =0.4V 

[0 ports is 
ee ae er A 
Allothers | _Yoo=55¥ fe : 
Pin 1 1 

NH I/O ports Voc = 5.5 V, 100 pA 
Alothers 
70 port 

lL Voc = 5.5 V, V; =0.4V mA 


T All typical values are at Voc = 5 V, Ta = 28°C. 


Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 


V; =0, Outputs open 
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6- 15M, TIBPAL16R8-15M 
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS 


SRPSO018 — D3338, JANUARY 1986 — REVISED MARCH 1992 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX] UNIT 









R1 = 390 Q, 
R2 = 750 Q, 
See Figure 1 





Tall typical values are at Vcc = 5 V, Ta = 25°C. 
Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be calculated 
accordingly. ; 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. | 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPSO018— D38338, JANUARY 1986 — REVISED MARCH 1992 


PARAMETER MEASUREMENT INFORMATION 


‘L 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V —-——-— 3V 
Timin High-Level 
of ——— — — 0 | | 0 
tsu—ig- —_ i Pi— th ae tw — 
Data | ae Ni 15Y | | 3V 
Input : Low-Level 15V 1.5V 
0 Pulse : : 
Sree oO 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3V 
Output 
0 Control 
(low-level 
enabling) 





VOL ana =3.3V 
Waveform 1 1.5 V VoL+0.5V 
| $1 Closed | f __¥. 
Vv (see Note B) ee = VoL 
Out-of-Phase ) 1.5V fisv | tds ” 
Output ten Di ie ly 
“= — Vou 






ee 
(see Note D) of Waveform 2 ion 
$1 Open 4 
VOLTAGE WAVEFORMS (see Note B) Von —0.5V 


PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. OC, includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tyis. 

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. All input pulses have the following characteristics: PRR < 10 MHz, t, and ts < 2 ns, duty cycle = 50% 

. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 


. Equivalent loads may be used for testing. 


moog wo > 


Figure 1. Load Circuit and Voltage Waveforms 





¥ 
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TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C 
TIBPAL16L8-20M, TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS019 — D38340, FEBRUARY 1984 — REVISED MARCH 1992 


TIBPAL16L8' 


@ High-Performance Operation: C SUFFIX... J OR N PACKAGE 


Propagation Delay M SUFFIX ... JOR W PACKAGE 
(TOP VIEW) 


C Suffix... 15 ns Max 
M Suffix... 20 ns Max 


@ Functionally Equivalent, but Faster than 
PAL16L8A, PAL16R4A, PAL16R6A, and 
PAL16R8A 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 





@® Dependable Texas Instruments Quality and 
Reliability 


I 3-STATE REGISTERED VO 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
pai] io [2 [0 | 6_| 
paLiona [8 | 0 | 4 @atate butler 


TIBPAL16L8’ 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 







PALIGR6 | 8 6 (3-state buffers) 
PALIGRS | 8s 8 (3-state buffers) 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


The TIBPAL16’ C series is characterized from 0°C 
to 75°C. The TIBPAL16’ M series is characterized 
for operation over the full military temperature 
range of —55°C to 125°C. 





These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current a3 of publication date. a Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters. 
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TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C 
TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS019 - 03340, FEBRUARY 1984 — REVISED MARCH 1992 


TIBPAL16R4’ 
C SUFFIX ...J OR N PACKAGE 
M SUFFIX... J OR W PACKAGE 


(TOP VIEW) 


TIBPALI6R4 | 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R6’ TIBPAL16R6’ 


C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J OR W PACKAGE | M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8’ TIBPAL16R8’ 
C SUFFIX... J OR N PACKAGE | © SUFFIX... FN PACKAGE 
M SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
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TIBPAL16L8-15C, TIBPAL16R4-15C 
TIBPAL16L8-20M, TIBPAL16R4-20M 
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS 


RPS019 ~ D3340, FEBRUARY 1984 —- REVISED MARCH 19 
functional block diagrams (positive logic) 


TIBPAL16L8’ 


Fs 
Z] Z| 


Z| 





TIBPAL16R4’ 


OE 
CLK 


V/O 
vO 
vO 


1/0 





“\N., denotes fused inputs 
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TIBPAL16R6-15C, TIBPAL16R8-15C 
TIBPAL16R6-20M, TIBPAL16R8-20M | | 
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS 


SRPS019 — D3340, FEBRUARY 1984 ~ REVISED MARCH 1992 
functional block diagrams (positive logic) _ 
TIBPAL16R6’ . 


OE e 
CLK 


e 
E 





TIBPAL16R8' 


OE 
CLK 





JPR UL] 


-\., denotes fused inputs | 
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TIBPAL16L8-15C 
TIBPAL16L8-20M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS019 — D3340, FEBRUARY 1984 — REVISED MARCH 1992 


logic diagram (positive logic) 


increment 


First 
Fuse / ; \ 


Numbers 0 4 8 12 16 20 24 28 31 
Ps rT 00 
——————— ee ————————— eo 
cle OO A OO 
Pa a RE SC SN DG S 
+a A Trt. tltit_. OR A 
sD) SN BE HR WES lS al DE ED 
ee rr titltsttiil S00 see 
2 , ry titl tii) (11) I[1|| TIILLLLU an 
1 > Sa CPL | Cd Lee LL LL... 
oa rT tilt till tlit tlit [lll ttl oa, 
eR i SRE A) ES A SARE DA RBS Da im eH 
ga a SS RA FS Gat WSO EO A RO GE 
aa OH RE GR GG SE 6 AY AL 
real NW Bl EE PR OS HE FR 5, A > 
pg et OR TT = a 
py gnc atl HB RY a A tS CO SO 
pea BE lS dN AGE OT OE A OO 
3 peer | Ce ee ee 
1 tl IT _] Qo Se eee ee 
sp OO eee 
pe GE Gl RY A ae es ee » 
epg Cl SR HO al a aaa sO a 2 a a, a 
pd ce NE a TT] a 
5 A SS OS GF S 
> Se Hi EP SE OO TTT Terra DER. aw 
ne C—O ee 
gms WG DD Ot aE RS) A le 2 He 5 GL 
4 a nnn ey ry flit ft. aes 
1 > SR Oe 0 0 TTlril tii) Iitititit:tliL «| 
ee Pret ee et ] = 
Se --gai OlF  EH OR B B REE O O RAI W ERE 
aa Wl SSE ONY 0 AD Ha CG AEA 0 AR OO RG 
7 8 RON A 
nee Be 2 a ED 2 Oa Wk IE > 
oa J A OO ET Et tA 
ge GR A OS RA el CS Ul MO Ga WO SS = 
a tO A A PA A ak Oa a 
5 TT ttt 3 Trlr. titttrttt_! 
i et itir Irth Tr til: tirr [irr [lil «| 
tea Rae aes nanan ry_T1 = 
ace rr’ titi tt Ee ee ee i as 
o- O  OS 2  R O N  R  , S 
cs i ee TT TTT eee _FK__ 
bed Tritt TttrtFtt SO 0 SA > RE > 
tae TTT ts OR A OO 8 
Hp T_T] Os A OS A A 
EE ES Hl AC OE a Ht GE aOR EN SE) 
6 = rr ore Tr LE Le 
I > a At Da oS oe SS ee 
é ee oe i eee Ga TEL Lei = 
aaa TTT ITLL LT TOT acon» » 
yma OE Gl Ht CO UH EGO CCA SO GIO 
ye SS WH RS OPS A EN OE A OS RA A 
be US a at T_T LL Gi Ta A > 
ge SES NE (lS GA 0 An) SL GSA SUS SD 
apa] RE SS SR RES ik el LD al 
ge HR SA NA AR ll et aD a RO A 
7 TTT tT Tittle TT _ ree TT rrr 
1 > a eee tril till «| 
aS ld SE: lS Ol GR aa 0 Oo = 
meee OS RR RSG GW GO Sen, 
: Oe ee ee, 
ree OO A SC ROO 
ga SK a lO en EY tT OO SN a 
pe A Ga OA lil ES OO A RS GN A 
hi Hl i HB i es aC GO eS » a 
DO OO A -T OE a 
8 Trl] TITTLE IL OT oo 
| > SN ee Till Ke 
eas rit! IIltit tlt rT. ttt = 
Hee Tritt tittHtte a Li. LLL 4 
pa gn ST KH ER GA as 
oem Ol RR SH HB i eA = 
genie HS GO rT]. ttl. se SA > 
rg il lA Oa rrtt_ftfrrre Trt a, 
ge Trt tL os 
gga Rl CG EG OS ENS BG EO GO HO SE =, EL 
cee | w 
1 > a << 


Fuse number = First fuse number + Increment 


vO 


vo 


vo 


vO 


vo 


vo 
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TIBPAL16R4-15C 
TIBPAL16R4-20M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 
SRPS019 — D3340, FEBRUARY 1984 —- REVISED MARCH 1992 
logic diagram (positive logic) 
1 















CLK > : 
Increment 
First 
Fuse / \ 
Numbers 0 4 8 12 16 20 24 28 «31 
. Pad edd eee ep ee be a hk 
64 ey he pe ee Pp a Ne ae | ae a 
96 ae bed fe bobble Pa. ol — 
128 rity {Ti T [ity fT try fl ri iT] ft Te) 
4160 ee Oe Le oe Od Po pe PE S 
192 cet: Ee ee Pe Pel | 
204 Pitt {ity TT TT 
2 g Po Pe pe bn bs fed 
| > San P44 — +t} ft tf 
256 a SS SRR SAE AR Sees eee 
288 (pe ede et a 
320 BR RATHER 
359 Pe bbe fed dee cc! 
384 Pitty {ety TT vO 
aie Pe OT | 
448 Po ee ee a ee 2 
480 ott dl she Pee ee ep ko | 
3 HF oe ae el Te ae aes 
| > Sa | $—+- ++} — 
512 ot Ph Ps Ze i i Ree i ee ee ee 
B44 A a | i} TL ttt Ett ET i ie ee. Gee 
576 IE Bed eee Sa) Pat Sa URE FS SR WH Ha FL PD 
608 Ra RR REE ee 
640 RRR RRR ee Re eee Bh Reh ee ee Q 
672 bese ede Be pe = eke 
704 hie dP 4 ttt TL 
736 rt ttT fyi ty Tt it tt tf 
4 tg | Cae ttt Tt 
I >, SERN ee ee | i |e || 
788 Pitty FT | rt tt [fl 
800 eRe ERA iit {f | 
832 Se eee (Ett ft tf 
864 rit? ~Titt [tty [tl Pitt fy tt Tt Be eee aoe 16 
896 2 ee ee ee ee, Mc Q 
908 OS Oe Os ee ee i, ee 
960 ke Re Rem ee wee ee ee ee ee ee Re ee ee Se 
992 25 8 FS ON HS NA Ht 2 Oe OH ee Ss : 
5 ane eee ri TTT UTE ECE UTC ECT TE Cr | 
I im itr Tirr TTT pg 
1024 ERR RE ERR RARER C2 eee tee See eS D 
4056 Pitty feet fT ft rit Et tt 
acea EER RRR RR eee ee 
4120 BRERA RO tt Tt | 
4152 Sea ea RAs Pit ft et i i Q 
4184 ptt t fT ttt UE ET UT ti Tt 
4216 Ce EY | rt] ft tf 
4248 tty] ttt Tt ft rtf tt 
6 BRERA SRE ae ee 
| try Tir TT fet 
1280 ri tt fT tt tl en 
1312 eb ee fh Hl el 
1344 epee Pet es be Litt [tt 
1376 PAP pot: Pe cap at nee 
41408 tty tte tt yt Q 
1440 tty fet Tt Ct] ft 
4472 rt TT Tit hh ryt tT 
41504 ZR ERA Pe bebe 
7 eee eb alles 3 1th a +t | 
| | Trlr Tir TT 
1596 ttt tt tt fe _| 
4568 RES DES 
1600 EERERBERARE 
1632 Pitt ft tf 
1664 rit] ty yf vO 
1696 pho. hp] 
1728 Pe eb ee! 
4760 an tt i ae 
8 Sz | |__| 
I io til Tritt Tir? Trrt Trl Trt 


a 
fo ee i Ses a 
16 — eee 


ia a OT ES UES AS SO VO 
aes 2 GY at NG 


rt tt OE, SHY 
saad be ed ee LE tt 
2016 riety, [itt Titty Tt yh UT TT UE TT eee, a 
9 ed eee ee he ep ee a & 
1 > 2 ee eee aaa << 
| ; . <p— OE 
Fuse number = First fuse number + Increment 
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TIBPAL16R6-15C 
TIBPAL16R6-20M 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


PS019 — D3340, FEBRUARY 1984 —- REVISED MARCH 1992 


logic diagram (positive logic) 
1 





CLK > 
Increment 
First 
Fuse / \ 
Numbers 09 4 8 12 16 20 24 28 31 
Ps ee 
64 ri Ty] FT {yt ty ey tT Tt Pe eee 
96 BER ee eee, 19 
128 Pt] T Ti et TT Reese ptt} tit tpt tl So 0 
4160 HB BO, A ai AD Ha 0 Ae Sa De HD 
192 pt hobo. Poke Cd. sub pales ee ee 
204 pity Tt tt Ft th || | et TT 
2 oe bean he ae 
I Pb PLL Pt | ee es a 
256 ead ZR eee ae i ae eee 
288 Be ri {tf [ety ft ft | 
ees 6S Kl BOF ef eee a cal 
352 Piy] Tt tt tT TT | tt > 
384 Tritt {~[ fit [TT es ee Oe Ee ae Q 
416 ob ek bt as a i 
448 rT TT [TTT TTT Ra Ee Sa he See 
480 rit] [itt pa | 
3 aa | GRRE eee mee 
| > Se el i i ee Ce See ee ee ee A 
Pepe ial Sa eA GO A 
544 BRA RE RS RRR ee fecal | 
576 rity] Tt yy] ft TT UT TT ]h hUT TT Th hE TT Th hE CTT UT TT TC 
608 RE Bee eee 
840 tt] fit} ff Q 
672 Baa ee eee eee 
ee el aa OS 
736 Trt, [7 T]7 | 
4 ttt ttt t+ | 
I i> RRS OA et A a 
768 Pitty, Fy tt fy 
is bots he Lop 
832 rity [tet f 
Sef ee ee 
806 ee ee eee Q 
928 {|| { ft yj] tf. 
960 eh ee ee ae ie 
902 Rae ee 
5 fol he on Te] Ree 
! mH tir te [Tir ee 
ame eS aa gel 
41056 Po ee Eo tei te eh Et eb a 
1088 oe ete ede do PP ed eo pe ee} 
4120 Pitt Ti et Titty; TT Th TET Th hUPT TT UT TTC UT TT TC 
1182 PTTL Te ttl tT rh hE TdT UTE Th UT TT OUT TCT Q 
1184 BERR ne ee B be Pee = Pee pee B 
1246 rLtityt [7 Jt [tT Ty | 
1248 ry shUT dt LT 
6 {ft | ff 
! im ttl Tritt Tilly TTT 
‘aap Oi Rae I 
1312 a mm a ) 
4344 rift fT tT tit t [Tilt | hehe She eRe ee 
1378 rity [fff |J[{f] [7 T[T 
san rity] [ft yh UT LT wa Q 
ican Pe Ie ea 
psoas Cs Gl BS] BO 
4604 rT ye, Tf i yt tity et Tt eth Tt Th hh Th UT LT 
7 pei ee ie me 
| > Tne 
1696 ee eo ee = 
1546 Renae Bae mea 
1800 TTT] {[fTf[[ [ITTt [Tlf[t[ [TTT Till {TT Tl TiTfTt | 
41632 oe po ah hb lp pepe: Poe Eh te bk oe EE Se ek ee a 
41664 erp ppt Pet Ee LET i Tt 47 Q 
4606 hea? Wece ape ie ae bk eae Spe | Pee be A ope ep Pa | ef 
pg ED RY Gt SR a an 
aa OO ied i 
8 td ot | |_| 
| Mi Nd | ut Ie de 
41792 i TE | 
1824 Pitt] Tt a 
+986 Pe ee 
1888 err tat ET tk dT ead ET a 
oo ae OT el el el 5 vO 
Gel RS Bt Sk SS SS ai 
1984 poh. ee he Pe ee bp ieee pe Pa gd = irl don |en =: RBs Re 
2016 ot bp Biol ob ok | Litt fff a 
rity [ttt TT th he tT Th UT TUT Th UT TT Th hPL CG 
j > Se eee eee 11 
PD OE 


Fuse number = First fuse number + Increment 
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TIBPAL16R8-15C 
TIBPAL16R8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS019 - D3340, FEBRUARY 1984 - REVISED MARCH 1992 


logic diagram (positive logic) 





CLK — 
Increment 
First 
Fuse 
Numbers 0 4 8 12 16 20 24 28 31 
Se Sl ee Ok AO 0 TW a A SE OO at ST 
eS GL KE Et RY 8 LA 0 a UU GB 
4) 49 
gee a A ta 0 A SC et Ic 
> TRS AY 2 CO cot RR 
eS te Gel ER i 1 Et 1 GA 
i ON A NG) el OA © 
2 y cer 0 A ON MC jane ig 
gg eee fe 
Sa Oa AN PK A YD a = 
266 OO 
ng oO 8 te UGB TRO BT SRA lS a Pa | 
820 CC - 
el ae a A YU INS 
ee a OS © 2 A © er 
ene lS a ARE OG 
~ ry 
448 rR 
3 A 9 0 A SS ial ceed 
ie oe 
Cee | fo 
a 
Coo 
OS 
se 
OO 
i ae 
aaa 
4 fi 





ay A > 
#25 + 
ez ae al Se 
— ia Same 2 a a A a 3 
EN A OS +] 
Ca at el Os 


ins 


ph | 
1728 et 
2 ae es a 


AeA Wl SE El aS OO tt? | ei 
I > ee eee Eg 
pancreas SH ) 
sp gael 8 ASS SS SR eR HR GH a a 2S 5 ae 
jose Heed , ee 
by-segpeeeme FT HSS CP He OG ae. ee 
i920 —e ee LT} > 
gee) ORL PF) Uy PRP (RN Ra Fe a SP OS ES 5, ee 
pete GE) RI) SAE Ol FCS SA eH Bes » eae 
508 ee ae ,, a 
Lit a 
I ce eh PRI | 11 


Fuse number = First fuse number + Increment 
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TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS019 ~ D3340, FEBRUARY 1984 —- REVISED MARCH 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Vollage;.VaG.(See NOON) itis crilou teen sodiseee te inee ela ce ieeiaen danas entonan 7V 
input voltage:(see NOG 1). cscs de aora vied seaare chur teewia se uewessaie sean ee ater ion cee’ 5.5 V 
Voltage applied to disabled output (see Note 1) _ AaeiVe tebe Tia ca une tlewats ede vanaweebeue sev 
Operating free-air temperature range ..... cece cece cee tect e eee eeteneeeneeeenteneeeaes 0°C to 75°C 
Storage 1eMVerature TanGe- ~cijwan ices nr dietewwidwesos kaedeossaduessetesenseeweaews —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


ecertieeiag sina oiesasamsacuoemenAcormcost tae ae 
a78 525 


loL Low-level output current 


clock Clock frequency 


tw Pulse duration, clock (see Note 2) 


tsu Setup time, input or feedback before clockT 


h Hold time, input or feedback after clockT 
TA Operating free-air temperature 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, folock: The minimum eer durations = are 
only for clock high or low, but not for both simultaneously. 
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electrical characteristics over recommended operating free-air temperature range 









Outputs a Sa wet e 
lOZH Voc = 5.25 V, Vo=27V pA 
VO ports p10 
Outputs Ec a oe 0 
lOZL Voc = 5.25 V, Vo =0.4V 
V0 ports 
i SSSC*d:Cg = 8.28, “Viz 55V an 
im | Voo=625y, Vie27V 
Voo=525\. Vi=04V 02 
Voc = 5.25 V, Vo = 2.25 V ~30 —125| mA 
CC O 
Voc = 5.25 V, Vj = 0, Outputs open 140 180 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) 
|, VO O, VO 


SE 2 SN “OO TT 


TAN typical values are at Voc = 5 V, Ta = 25°C. 
The output conditions hace been chosen to produce a current that closely approximates one half of the short-circuit output current, los. 


See Figure 3 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (S€e NOte 1) 2... ccc c cece cece eee eee teen eee eees Ohi Sate ath eeetaee 7V 
INPUT VOlLEge: (S66 NOIC! 1)” .cniukec cee tarevuciede Wiad eAaG daa WE eee Uaraaeted sae 5.5 V 
Voltage applied to disabled output (see Note 1) 2... ccc cc ec cece ec e et e nee e ne eeeneneaes 5.5 V 
Operating free-air temperature range ........ cece cece eect ete eee e eet eteeeeeentne —55°C to 125°C 
Storage TEMPEratUre ANGE” gael e Nene svredieweeaian os thao dea ate esas sa eNae waar —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


CASSIS SEALS SNR AANR INTRO AIK 
ig —— towel np voiage 






r High-level output current es 
lOL Low-level output current 1 a 
folock Clock frequency 41.6 


High 
tw Pulse duration, clock (see Note 2) 


Setup time, input or feedback before clockT 


a Hold time, input or feedback after clockT a Ne 
Operating free-air temperature 


NOE 2: The total clock period of clock high and clock low must not exceed clock frequency, folock. The minimum one ren a are 
only for clock high or low, but not for both simultaneously.. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER | TEST CONDITIONS _ MIN TYPT MAX] UNIT 
Vous 45 = =18 mA 
Voo = 45. iou==2 mA ee ee 
am [02804 















oo = 45. io = 12mA es 


ae 
[oxipute 
Yoo=55¥, Yo=279 7 
m 
m 
m 





B 


YOpors | co“ >? ane mason tok 


pane) 
a) 
[00 
20 
i. 
[400] wa 
see | 
[<3 260 


V 
V 
V 
A 
I/O ports Voc = 5.5 V, 
A 
A 
mA 





loZL 
NL 


fof Sd oo=65 SCO SCSCSC~C~S~S~S Cm 
icc i Yoo=85V.—Vi=0,——~SC~C tiv pond O00] mA 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
| MHz 


3.2 
0. 
140 



















FROM TO 
sasooasies outrun 







ee ae ee eee eee eS ema 

pte | OO a ee 
pte PK t900, PGs 
poten RR THOQ, | 
pts TET See Figures | 7 S| 
a ee 
a 





T Al typical values are at Voc = 5 V, Ta = 25°C, 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 


tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. 
Step 2. 
Step 3. 
Step 4. 


With Voc at 5 volts and Pin 1 at Vj, raise Pin 11 to Vjyp. 
Apply either Vi, or Vj4 to the output corresponding to the register to be preloaded. 
Pulse Pin 1, clocking in preload data. 


Remove output voltage, then lower Pin 11 to Vj_. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





VIL 


| | | 
| 1 VIH_ | VOH 


ee. || VOL 


Figure 1. Preload Waveforms 


NOTE 3: tg = tgy = th = 100 ns to 1000 ns Vip = 10.25 V to 10.75 v 
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Poser reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 

important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Voc _ -_. . — 5V 
| | 3 
| teat | | 


| 
{| (600 ns TYP, 1000 ns MAX) : 


. Active Low VOH 
Registered Output 1.5V 
| 7 Se ee ee VoL 
— teut + 
| | Vin 
CLK 1.5V 1.5V 
eae, Vil 
l¢—_—— t,, > 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
7V 


L 


$1 
R1 


From Output Test 
Under Test Point 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 
3-STATE OUTPUTS 


Timing = High-Level Ce BY 
Input 1.3V Pulse 13V 13V 
fa a 0.3 V 0.3V 






| | 
teu — pl th <— tw —> 
| +—-—— 3.5V 
Data aly jay | | 3.5V 
Input : Low-Level 13V 1.3V 
0.3 V Pulse " " 
ae O34 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3.5 V 
Output 
Control 1.3V 
(low-level 
enabling) i 7 lah aneiameicags( Po. J 
ten jq— 
| | acs \¢- 





: see Z = 3 3.5V 
Waveform 1 \ 1.3 V | @ VoL +0.3V 
| $1 Closed | ame 
V (see Note B) — VoL 
Out-of-Phase 1a Liav | tas ie * 

Output ten Pi ie | 






speagee a 
(see Note D) OL Wavaton2 VoH 
VOLTAGE WAVEFORMS (e Pe page Pies VoH -0.3V 
PROPAGATION DELAYTIMES = =——sO(Se@eNoteB) Of NN ay 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. Cy includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tyjs. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 1 MHz, t; = tf < 2 ns, duty cycle = 50% 
. When measuring propagation delay times of 3-state outputs from low to high, switch S1 is closed. 
When measuring propagation delay times of 3-state outputs from high to low, switch S1 is open. 
. Equivalent loads may be used for testing. 


OQ 


m 


Figure 3. Load Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
5V 


; 






From Output Test 
Under Test _ Point 
Cl. 
(see Note A) . 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
: 3V —-——-— 3V 
Timing High-Level 
4 ee 0 | | 0 
teu — p= th | il ai 
Se SY 
Data. sv N 15V | | 3V 
Input Low-Level 15V 1.5V 
0 Pulse ; ° 
ee a 0 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 

Output 

Control 
(low-level 
enabling) 








i—_>-— | Waveform 1 
tod ¢—>| | ‘pd S1 Closed 
| Von (see Note B) 
Out-of-Phase 1.5V 1.5V 
Output Leer | y 
pee Note?) of Waveform 2 —_— You 
VOLTAGE WAVEFORMS a Re Beha jae Vou -0.5V 
PROPAGATION DELAY TIMES — eammnsemrmamssmaaicnnn con me we oe =OV 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tgig. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 10 MHz, t, and ts < 2 ns, duty cycle = 50% 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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TIBPAL16L8’ 


® High-Performance Operation: © SUFFIX... J OR N PACKAGE 


Propagation Delay M SUFFIX... J OR W PACKAGE 
(TOP VIEW) 


C Suffix... 25 ns Max 
M Suffix... 30 ns Max 


@ Functionally Equivalent, but Faster than 
PAL16L8A, PAL16R4A, PAL16R6A, and 
PAL16R8A 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 





@ Dependable Texas Instruments Quality and 
Reliability 


ee [avre [Sie | SSE [ee 
INPUTS | O OUTPUTS Q OUTPUTS <a 
Pravae| io {2 | 0 

Le ea ea 
Teatiens |e [0 | 6@atatebutts) | 2 | 
Ppatiena | 8 | 0 | @ (state butters) | 0] 


description 


TIBPAL16L8’ 
C SUFFIX ... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 














These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


The TIBPAL16’ C series is characterized from 0°C 
to 75°C. The TIBPAL16’ M series is characterized 
for operation over the full military temperature 
range of ~55°C to 126°C. 





These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 


conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necesserily include 


pepucies DATA Information Is current as of publication date. ay | Copyright © 1992, Texas Instruments Incorporated 
uc i 
testing of all parameters. 
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TIBPAL16R4 
C SUFFIX...J OR N PACKAGE 
M SUFFIX... JOR W PACKAGE 


(TOP VIEW) 





TIBPAL16R6’ 
C SUFFIX...J OR N PACKAGE 
M SUFFIX... J OR W PACKAGE 


(TOP VIEW) 





TIBPAL16R8' 
C SUFFIX ...J OR N PACKAGE 
M SUFFIX... J OR W PACKAGE 


(TOP VIEW) 





TIBPAL16R4’ 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R6’ 
C SUFFIX ... FN PACKAGE | 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R8' 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 
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functional block diagrams (positive logic) 


TIBPAL16L8’ 


lad 
a 
* 


Z] 





TIBPAL16R4’ 
OE 
CLK 
Q 
Q 
Q 
Q 


/0 


VO 


VO 


V0 





“\, denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6’ 


OE 
CLK 


TIBPAL16R8’ 


OE 
CLK 


“\N. denotes fused inputs 
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© © © 8° 6 © © 2) 


logic diagram (positive logic) 
1 
increment 


First 
Fuse / \ 


Numbers 0 4 8 12 16 20 24 28 31 


TIBPAL16L8-25C 
TIBPAL16L8-30M 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS020 — 03337, FEBRUARY 1984 — REVISED MARCH 1992 


gS 


sr 6 OH 6 Gl SG RE PDE SE, GER »— 
ea lA a RD A Ol Rl a SRE OT = 
> aa RT SA EE HR TO 
> GC Se OO Sad IH HG, 
3 3 (a (re a a os ee ew TT 
1—or_ Tir (a Re eee 
ine rT a PT LL LL a, 
gam LN SO A SO OH 
en SO RC Ee EES OS at RO BO SS 5 NT 
a SY G2 A SE A A OO TT ee] 
lS DFS SSL A Hn HR Se a AG a N 
os CRS ll HY A RS RS Oa BH 
A SEA OO PS ES a GT HY EES OB 
: Pie io Er iL or 
4 , 786 eae ey a SG a a ae 
I Ss LE doi TTT To OO Coo ——-_ 2 
ie ei eo eT TPT = 
th Sw ee ee ee TT ~ 
OO OO A NGA ON a at RG 
gee SS Aa AO 
in te SR GOED OY EC ER NS el OO SF, EN N, 
pa Oe A OO OO 
oe eas 
oe ce rT She eee oe OG RR 0 EO a 
5 oe ee aay TTT a i Be 
i > 2 Eee ee Gee ee 
iene a 2 Fe eS TT = 
ice a PEL LLL A OO 
an SH A GRAY A EE RE el SO 
bag OS Ol OA OG 
a Bs ian a Ap, N 
ga RP 8) RE HG a! OC) ST EN EN 5 LS 
gai I A SSS CO A RY OH A ER ED 
tore ci LLL LiL Ice ee 
6 TI aw acy see oe eee 
I Shoe Sele ie he eee Ee Lee EEL LLL... 
pies ae is Be as = 
an ee TT Too eee ee ee 


a SE EF A 8 A 2 el OG Sw 
i OR aR A AS eS OO EY lS © 
a: a Gl EE OS EE Ga BSS AO ES OS A Ge BR 
1a chee rel eee ee 
7 1S os PE ee 
1— Pee eee 
ie os ee a ea CTs 
aR AS GCA dS GS i SO DS B= 
a il A AR SS A el RT 
ga 6 SO SG ST SOS Ra ed GRE RO A 
sy Ee SE 6 OS RE OS GT 
oS 2 OE A a ne et ON RO ea FS 
TO EMR BS A lw OS OO 
a RUG REM GY RS i EE eS OL 
8 2 60 CS Oe 0 — ea ala 
Pa or 1K 
fe Os e Ta 
a OY SS lB YO st RP OO 
ee ER 
yl oO 


9 218 TT TTT TTL LL LL 
! oe ie ee 


Fuse number = First fuse number + Increment 


vo 


vo 


vO 


vO 


vO 


vO 
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logic diagram (positive logic) 
1 


CLK > 
Increment 
First 
Fuse / Se eee ee pe eee ee ee 
as SO 
84 BEB Re eee 
96 iia hat eA Ae Shee eee ee, ee 19 
128 ri tt [ty hUT Tht hUT TT hUdThUdT dT Th hUTUdT LTT hE rT UT UT p=» Sc 
160 a) SP FR A Oe Wd Oa a A 
192 ee 
204 See eh ane ee ee ee ee ee ee. Oe 
2 J ee ee ee CR Pe oe dep 
| > =e ptt tt tf <q 
256 _ OE ER GR OR A 0 
288 het Se hee eee ee ee eA ee eee eee, 
—i—t ft ttf tt 
384 ee eee Fett tt tt yy TET Th UT TT UT oF a , 
re See eee ER ee, 
448 pti tT fi tt TT th UT TT UTE UT CU SA, 
480 ee oe 
3 = +—+ | GRRE eee 
| b>, Sena 0 ee Pe 
512 Rae ieee Be LUE dole Dobe f ul bf ld es ao Ep ) 
544 Bh oe eRe eee ee ee ee 
576 Re eee, ee 
608 OP A eH se Oe, ee 
640 OO A OD 
SRR RRR eee, 
672 i) 
704 BEES eee ee ee ee eS ee ee eee, See 
736 keh eR ee ee ee eee Ae ee, 
4 tt++—+-+-+-1—¢ | ri Ti th UTE TT Th UTC TUT hh CUTTY 
| i te el Ppt 
768 ri iT [ttt ff rset yy] h huTdLT Th hUdELUTLTrThUTUdThrTTh hUT TI > 
800 BS hee ee ee eee ee eee, 
832 Ee eee he eee ee eee Ree ee ee ee ee 
B64 Lak ehh ace eee a ee eee, ee 
896 Oe 
928 se ee we Eee A eh ee fs » a 
960 PTT] [fy] Tift y Sty] TdT yh hh Ait) Se DH 0, SR 
992 Pe ew ae pe pe cp ede oe ed aed =», Saal 
5 tt+—} + +++ ttt ¢ | ry; TTT] UT TTT Tet 
1 Ht tir Trt Tir Pett 
1024 A Oe 2 eae ee ee | PB 
ede oa Ie A ee ep a pe | aah, 


1056 
<A ae al aS ND a ORE OE GE a RE OS 
SO a 0 


it 
| 


8 nae wee ee 
(caer, >, SMES RY OHA ON ER SC 
oe SSS GO CR i EL 
SO OE GA 
gS BG 
sO el ES SO 
ea OSS OH BS SD 
es Re 
RO SA lB s 
eS Bl SM HW ia Ss] 
9 a SS OO Seeeeyee 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 


1 








CLK > 
increment 
First 
Fuse /. \ 
Numbers 0 4 8 12 16 20 24 28 31 
0 S00 Se 
92 0 ee ee ee ee 
: rrLet tt ti Lote LL Lie Leer Tee Lhd] 49 
es lO et pee | rT T._Lit. sR a so vO 
i OE SNH Sl RG GS RAD Bll az 
gma OE dO SD HE) SR a 5 STO GA A lO 
BERR SEE mee eee SRA PD ASD Oe OOO, RL 
2% | TT 2 
i > Se CSS SRR Se ee ee ee ee 
ons TTT) [lil [rll [Till CTlrl Tlie 
Pei rT TrLil_ A Bad A 8 NN ON OS 
ogee DB TT TTT TT TT ro rn rer 4 
2 el Es ARE AS et GRR a a RMN SS GE AR NG FO 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 


o”k D> 


First 


Fuse 
Numbers 0 4 8 12 16 20 24 28 «31 
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go A AG SSO 2 RR ENE 2 SH SD 
ea SOE RR ES 
2 yee if eee 
1—D—7>h PEE ee 
c Sl RS CO 
OO 
ree 2 Ss 
maa YSN A 
i 9B 


266 “TTT Trt tr TT 
re a8 Sa (RH ek a HWS GH PAR SH DO 
ee ee ee eee ae 


Increment 
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Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply volade. Vaca (see: NOG. 1): canictos eeacuenaes chateebee see eitetentue recurs aime vas 7V 
input voltage (see NOLO T):  4.c.cavcidanesdaweiwnteaWotaueaneeawedteaeaeeeeeewese we as ise state assim 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cece cece cee eee e nee e teen ence e ee eenees 5.5 V 
Operating free-air temperature FANGS 11... ccc cece cece eee e eee ee eee ene enenees 0°C to 75°C 
Storage: tempetature (ange: <654.c55..cuuw cake taweats oaknes vhslnw dae soeneuneeaenaes’s —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


a 
475 5.25 
2 55 
lou High-level output current 


eh (es aaa 
Pulse duration, clock (see Note 2) Leas 
















Setup time, input or feedback before clockT 
Hold time, input or feedback after clockT 
Operating free-air temperature 75 


ar 2: The total clock period of clock high and clock low must not exceed clock frequency, folock. The minimum ae durations specified are 
only for clock high or low, but not for both simultaneously. 


= 
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electrical characteristics over recommended operating free-air temperature range 


MIN TYPt MAX | UNIT 
Wed) Wogea7e i etema CSCS 


eee 
ee 
[Outputs | 
co tess eee 
| mA 
ena 4 
| mA 









. te meas 
OL [opens | Yoo"525™ one ie 


V 
V 
V 
pA 
Voo= 5.25, Wi=27V 
Voo= 5.25. Vin 0.4 mA 
Voc = 5.25 V, Vv; = 0, Outputs open 75 100 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX| UNIT 


feat ee! 
esa > eee SET TT 
a ee ee 
ee Oe ee 
aS ORE EE 


Tall typical values are at Vcc = 5 V, Ta = 25°C. 
The output conditions hace been chosen to produce a current that closely approximates one half of the short-circuit output current, los. 


yA 

















R1 = 500 Q, 
R2 = 500 Q, 
See Figure 3 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vico (See NOI 1) wetnciacds aniniereead cindavieceeeiaeawean dane ate nsbarceos aan 7V 
input voltage (See NOG 1)” ucs2nssomiatuar emesis caeaeecae se eeale Cee anak Meawnneee a eeteuaee 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cc cece ccc cece teen e eet teeeeneeees 5.5 V 
Operating free-air temperature range ....... ec cece ee cee cece e ene ee ester reetaneeens —55°C to 125°C 
SICraGe 1EMDETALIIS ANGE: sind icwdwevaracds cose tiadt wate eswesu noes pease eee wwe —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
















Voc Supply voltage 

VIH High-level input voltage 2 

VIL Low-level input voltage 

ioH __Hightevel output current 
IOL Low-level output current 
féloeic Clock frequency 0 25 
tw Pulse duration, clock (see Note 2) iow pre 
tgy Setup time, input or feedback before clockT | 2 =i 
th Hold time, input or feedback after clockT ee 
TA Operating free-air temperature | -55 25 125 | 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, folock. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously.. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 

























Voc =4.5V, |) =-18 mA | -15| Vi | 

pe sia Prevent ak | 
Voc = 9.9 V, Vj=5.5V mA 
2 

fm [avefer | Yeorssv, 0 weaey | 

: = i 

fos SS*Cog 85 SC OS SSOSCSC~C~CSCS 80 | 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 







FROM To. 
PARAMETER (INPUT) (OUTPUT) 
eee Ce Cera eee arene 
| tpg |, VO 0, /0 









a SO = a <  e 


| See Figure 4 


tod 

tod 
ec NUS cs ce ae el ot ae Stree ne reseed 
Sia ee 
T All typical values are at Voc = 5 V, Ta = 25°C. 


Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at0.5 V to avoid 
test equipment degradation. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 


tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj,, raise Pin 11 to Vip. 


Step 2. Apply either Vj, or Vj to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower Pin 11 to V\,. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| <1 VIH | VOH 
——— VIL VOL 


Figure 1. Preload Waveforms 


NOTE 3: tg = tay = th = 100 ns to 1000 ns Vin = 10.25 V to 10.75 v 





¥ 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-179 


TIBPAL16L8-25C, TIBPAL16R4-25C, TIBPAL16R6-25C, TIBPAL16R8-25C 
TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M 
LOW-POWER HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS020 — D8337, FEBRUARY 1984 —- REVISED MARCH 1992 
power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vog be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. | 


=~ —- , — 5V 
| 
eee gt tees 


| 
| (600 ns TYP, 1000 ns MAX) | 


Active Low 
Registered Output 


CLK 





T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
7V 


' 


$1 
R1 


From Output Test 
Under Test Point 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 
3-STATE OUTPUTS 


Timing 3.5 V High-Level ra, Sey 
Input 1.3V Pulse 13V 138V% — 
+ — —— — — 0.3V 0.3V 










| | 
ep th — ty 
| poe = SV ! 
Input 7 : Low-Level 1.3V 1.3V 
0.3 V Pulse : ae Aare aay 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
ae 3.5V 
Input 1.3V 1.3V ae 
ontro 
| oy (low-level 
tod —¢—> wae tod enabling) 
—— VoH 
in-Phase 1.3V 
Output | VoL 
i¢—_ p'— Waveform 1 
tod —¢—>i se $1 Closed 
Vv (see Note B) 
| I OH > 
Out-of-Phase 1.3V 1.3V tdis k- 
Output ten Pi ie 
(see Note D) eae VOL Woy 
Waveform 2 _ ~OH 
VOLTAGE WAVEFORMS : Se ote Py SON 
PROPAGATION DELAYTIMES =  — S@@Noleby of ____™ ~< OV 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C, includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tgig. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = ts < 2 ns, duty cycle = 50% 
D. When measuring propagation delay times of 3-state outputs from low to high, switch S1 is closed. 
When measuring propagation delay times of 3-state outputs from high to low, switch $1 is open. 
. Equivalent loads may be used for testing. 


m 


Figure 3. Load Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 










‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V ——-—— 3V 
Timing High-Level 
HL —— — — — 0 | | 0 
teu — pl th a aie tw — 
Data ie N peu | | 3V 
Input : Low-Level 15V 15V 
0 Pulse. : ; 
== eee. w 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
$1 Closed 
| Vou (see Note B) 
Out-of-Phase 1.5V 1.5V 
Output fy 
(see Note D) OL Wauelérn2 
$1 Open 
VOLTAGE WAVEFORMS 0.5V 
PROPAGATION DELAY TIMES cil clad RO Le 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C,_ includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tdis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 10 MHz, t; and ts < 2 ns, duty cycle = 50% 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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TIBPAL20L8’ 


¢ High-Performance Operation: C SUFFIX... JT OR NT PACKAGE 


fmax (no feedback) M SUFFIX... JT PACKAGE 
(TOP VIEW) 


TIBPAL20R’ -5C Series ... 125 MHz Min 
TIBPAL20R’ -7M Series . .. 100 MHz Min 
fmax (internal feedback) 
TIBPAL20R’ -5C Series ... 125 MHz Min 
TIBPAL20R’ -7M Series ... 100 MHz Min 
fmax (external feedback) 
TIBPAL20R’ -5C Series ... 117 MHz Min 
TIBPAL20R’ -7M Series ... 74 MHz Min 
Propagation Delay 
TIBPAL20L8-5C Series ... 5 ns Max 
TIBPAL20L8-7M Series... 7ns Max 
TIBPAL20R’ -5C Series 
(CLK-to-Q)...4ns Max 
TIBPAL20R’ -7M Series 
(CLK-to-Q)... 6.5 ns Max 


® Functionally Equivalent, but Faster Than, 
Existing 24-Pin PLDs TIBPAL20L8’ 


C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





@ Preload Capability on Output Registers 
Simplifies Testing 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


® Security Fuse Prevents Duplication 


see [aes [ote | SERRE [ee 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
Pras] ia [2 [0 | 6 
Peavzone | 12 [| 0 | @(@atatobutfer) | 4 
Teaizone |_12 [0 | (@atatebutfer) | 2 
|Paizons | 12, [| 0 | 8(@statebuffers) | 0 | 















NC — No internal connection 
Pin assignments in operating mode 


description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results in a more compact circuit board. 


The TIBPAL20’ C series is characterized from 0°C to 75°C. The TIBPAL20’ M series is characterized for 
operation over the full military temperature range of -55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is.a registered trademark of Advanced Micro Devices Inc. 





This document contains information on products in more than one i 
elopment. The status of each device Is Indicated on the ay Copyright © 1992, Texas Instruments Incorporated 
cs. 
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TIBPAL20R4’ 
C SUFFIX... JT OR NT PACKAGE 
_  MSUFFIX...JT PACKAGE 


(TOP VIEW) 





TIBPAL20R6’ 
C SUFFIX... JT OR NT PACKAGE 
M SUFFIX... JT PACKAGE 


(TOP VIEW) 





TIBPAL20R8' 
C SUFFIX... JT OR NT PACKAGE 
M SUFFIX... JT PACKAGE 


(TOP VIEW) 





Pin assignments in operating mode 


TIBPAL20R4’ 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL20R6' 
C SUFFIX... FN PACKAGE 
M SUFFIX ... FK PACKAGE 


(TOP VIEW) 





TIBPAL20R8’ 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





NC — No internal connection 
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functional block diagrams (positive logic) 


TIBPAL20L8’ 


* 
* 
a 


f 





TIBPAL20R4' 
OE 
CLK 
Q 
Q 
Q 
| Q 
v0 
vo 
1) 


/O 





“\., denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL20R6' 


OE 
CLK 





TIBPAL20R8’ 


OE e 
CLK 





JUDD] 


“\., denotes fused inputs 


Texas wy 
INSTRUMENTS 


2-186 . | POST OFFICE BOX 685303 ® DALLAS, TEXAS 75265 


© © 2) ;*) © 2) 2) 9) 


TIBPAL20L8-5C 
TIBPAL20L8-7M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPS010F — D3353, OCTOBER 1989 — REVISED SEPTEMBER 1992 


logic diagram (positive logic) 
1 
I 


increment 
0 4 8 12 16 20 24 28 32 36 39 
2 23 
Io) ————eE—E Eee eee eee I 
First Fuse 
wemoors LL ULE TTT UTE EE ET ET 
Pe lt i RS Sf) eB GS a i NS 
oo ae 
eas AE A SN A EE DO GR a, 22 
160 eats O 
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Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment <P— OE 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment - <P— OE 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: Veo (See NOE 1): ease ccm Seance he atwe hed eedutenaridened dase eee ieeN eee 7V 
inputvoitade:(see NOG): watdcuncwsesciasieanee tana niee) bares anv eas tel eeuemeenamnatns 5.5 V 
Voltage applied to disabled output (see Note 1) 0... cece cece cece eee e eee tenet eneee 5.5 V 
Operating (ree-alr Temoerature TaNde 2 oc ven vais, ciel cee une re reste hee eee pee a ee 0°C to 75°C 
Slorade TeMmDel allure TANG sae cteesetains ten neveee weer seneaaker ae ee eek aes -65°G to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Voc Supply voltage 4.75 
VIH High-level input voltage (see Note 2) 
VIL 


Low-level input voltage (see Note 2) 
IOH High-level output current 


lOL Low-level output current 
TA Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





electrical characteristics over recommended operating free-air temperature range 


Voc = 4.75 V, |=-18mA 

Won e450, lg =-82mASCSC~—“‘“‘*~*dCi dE 
yo Vo = 5.25, Vj =§.5V 
Voc = 5.25 V, Vo =0.5V ~30  -70 -130 
Voc = 5.25 V, V; = 0, Outputs open 


T all typical values are at Voc = 5 V, Tp = 25°C. 
I/O leakage is the worst case of loz, and |i_ or lozH and ljH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
TIBPAL20L8-5CUT 
TIBPAL20LE-SCFN | TiBPAL20L8-SCNT | yn 


FROM To 
PARAMETER | (INPUT) (OUTPUT) 


switching 
tdis 2 ts | 


1.5 5 
1.5 5 















TEST 
CONDITIONS 











Ri = 2002 

with more than 4 : 

I, VO One outputs switching R2 = 200 Q, 
See Figure 8 








PRODUCTION DATA information {is current as of publication date. 

posi conform © sreciecatons per the oe of Texas ichobiie wy 
standard warranty. ction processing does not necessarily inclu 

testing of all parameters, | TEXAS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUppIY Vollage, Vcc (See NOG 1). iaciseccls avwcsp rete dated anes eee eae meee et Sere cnee eee eas 7V 
Input.voiltage (See Note 1) 2... ce eee ee cece eens + Scaee ta hate Sta ok teehee cobs seas 5.5 V 
Voltage applied to disabled output (See Note 1)... 1... cece cece reece eect eect ane etateseees 5.5 V 
Operating free-air temperature range ...... cece cee e ect e cette eee e tee neeeceetteeenees 0°C to 75°C 
SlOrage teMNSrawre TANGe: acidscccssstinwedisssiakwelne swans ovens see eeae tances —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 





[MIN NOM MAX] UNIT | 







Supply voltage 
















Voc 4.75 5 $25 
2 5.5 
Vi____Lowrlevel input vollage(seeNote2)———SSSSC~S~—STSSCS~—B YE 
lon __Highteveloutputourent SSCS 
[olock __Clookfrequency SSCS 
tw Pulse duration, clock ioe | 
[gy Setuptime, input orfeedbackbeforecckT SSCS SSCSC~*~C~‘idSCiC*”' 
[th Hold time, input orfeedbackafterciockT————SSSCSCS~—SSSCSSS~S~SC 
TA Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester | 
noise. Testing these parameters should not be attempted without suitable equipment. 





Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily 


PRODUCTION DATA Information is current as of publication date. a 
include testing of all parameters. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 




















Wo. | Voo=476v, lo=2tma——=Ss*~—~—~sSCS~—SsSCSsSSSCSC=it 
lof | Voo=526v,___Vo-2z7v_ SSO 
lo? | Voo=826v,_Voz0av SSCS 00 
yoo = 828 a5 
loss | Vog=828V,~Vo=08V SSSR _=190 ma 
a ae oe ee 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TIBPAL20R4-5CJUT 
TIBPAL20R4-5CEN | TIBPAL20R4-SCNT 
FROM TO TEST 
PARAMETER TIBPAL20R6-5CEN | TIBPAL20R6-5CUT 
(INPUT) (OUTPUT) CONDITIONS TIBPAL20R6-SCNT 
MIN TYPt MIN TYP! MAX 


without feedback 125 
iment 125 
Tr 
p2=2000, [16 E 
See Figure 8 1.5 1.5 
i i 
2 2 
2 2 
i ees eT 15 


T All typical values are at Vog = 5 V, Ta = 25°C. 
I/O leakage is the worst case of Io2, and Ij, or lozH and liH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See 'fmax Specification’ near the end of this data sheet. 
tsk (0) is the skew time between registered outputs. 


MAX 
4 

5 

6 

6.5 

7 








Products conform to specifications per the terms of Texas Instruments 
Standard warranty. Production processing does not necessarily 


PRODUCTION DATA information {s current as of publication date. wy 
include testing of all parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ........ secrete canes Sea Cad i aetiv-aenk gue cuaek hucaeeeees 7V- 
Indu vonage (See NOG 1). sia ksiewsvsendas ewes as eaweeverenses te tr ee re Tere 5.5 V 
Voltage applied to disabled output (see Note 1) ............4. ee Lend Soa ahearare avers brqcarnnesee .. 55V 
Operating free-air temperature range ........ ete bGetaees ins Gag ted aenneg ape ea eu ease 0°C to 75°C 
Storage temperature range ....... cece eee ones Seacoeus Emacs aang teenage cee .. ~65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 
ee 


Pulse duration, clock 
Low 


t 2 
tgu Setup time, input or feedback before clockT 
[th Hold time, input or feedback after clock 


TA Operating free-air temperature 





NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





PRODUCTION DATA information is current as of cation date, 
Products conform to cations per the terme of Texas Instruments 
standerd warran processing does not necessarily 


Include testing of all parameters. 
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electrical characteristics over recommended operating free-air temperature range 


Wied eg 476, a-tomaSSC~=~“—~SC‘“‘ OSC] 
Won «dt Veo =475V,lon=-82mA—=~=~dt=Ci aid; id 
= V 
lozy | Yeo= 
p 













TEST CONDITIONS 





& 


lOZH Voo=5.25V, Vo=27V ss 


Vo. Vcc = 4.75, lon = 24mA es ed 
loz Voo=5.25V,  Vo=0.4V soo} 100] A 


B 









& 


ViK 
VOH 
VOL 
CdS Cg = 5.25V, = 5.5 V P0000 pA 
Veo =825V, W=27V a ie or 
Yoo=825V,Vyc04V 


5 


Voc=5.25V,  Vo=0.5V -30 -70 -130] -30 -70 -130 
Voc = 5.25 V, V,;=0, Outputs open 


A 
[tO | mA 

_ ara ian ee 
F 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
TIBPAL20R8-5CJT 
TIBPAL20R&-SCFN | tippai 20R8-SCNT 


FROM TO 
MIN TYP! MAX] MIN TYPT MAX 


without feedback 
with internal feedback (counter configuration) 125 MHz 
with external feedback 













TEST 
CONDITIONS 











CLKT with up to 4 outputs 
; switching Ri =200Q, 
pd CLKT with more than 4 R2 = 200 Q, 
outputs switching See Figure 8 


CLKT Internal feedback 
OEL 


a ee 

Be ed Np eres eee ee Saeed 

[ee eae neared ae 
tsk (0)* Skew between outputs 


T All typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See ‘fmax Specification’ near the end of this data sheet. 
This parameter is calculated from the measured frngx with internal feedback in a counter configuration (see Figure 4 for illustration). 
tsk (0) is the skew time between registered outputs. 





PRODUCTION DATA information Is current as of publication date. 
Products conform to eee per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily 
include testing of all parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage; Vico (S00 NOlG 1). 6 aiwiccd sinc cee kar veesewedee esau ee eaneewawewanes see eeeees 7V 
INDULVOlTage (SCO:NOIG 1): sis4s5wenccaivevaaw swrew wea was Shae ye Ren Os ut5s see ae wee eielee eee 5.5 V 
Voltage applied to disabled output (S@@ Note 1)... cece cece ence cece eee e ent enteeeeneeees 5.5V 
Operating free-air temperature r€NgGe ....c. cece cece ence canoe ereceeerennseeeeauens —55°C to 125°C 
Storage temperature Tange: s4éidaccascad- vo lawencadatesesiuene sateen enetadeweswae —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


sc cloguaihetincneranndamee acneacemonec ed ae ak 
[ST 1 RAR (7 RA GET 
Tai Hihrtovel rpul haps ooo Noto) 
Mi tonseedinen Win eNbioe, 
lon High-level output current Pe 
lot. Lowel ouput ourert 
CCI ET 
ie 
a ee el 
a is 
ite eel 














hat Pulse duration, clock 


Low 
tsy Setup time, input or feedback before clockT 
thi Hold time, input or feedback after clockT 
TA Operating free-air temperature 
T folocke tws teu» and th do not apply to TIBPAL16L8’ 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 











pone phase of development. Characteristic data and other specifications 
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electrical characteristics over recommended operating free-air temperature range 


Veg = 4.5, |=-18mA 
Voc = 4.5, loH=-2mA 
Veo =4.5V lol = 12 mA 


0, Q outputs 

Voc = 5.5 V, = 

1/0 ports cc Vo=2.7V 
0, Q outputs 

i : Voc = 5.5 V, Vo =0.4V 

ver I/O ports 


TT __——~*dt~CS Vo =, Viz85V 
uO: Pene — Voc =5.5V, Vp=2.7V 
All others 
Voo=65¥. Vizoav 
hos! SS*dSCV co = 85 Vo=05V 
Voc = 5.5V, _ Vj=GND, OE=Viy, Outputs open 
Cj 


f= 1 MHz, Vp=a2V 
CLK/OE 
a Vo=2v 


T An typical values are at Voc = 5 V, Ta = 25°C. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) | 


without feedback 


with internal feedback 
(counter configuration) 


R1 = 390 Q, 
R2 = 750 Q, 
See Figure 8 





§ See "fmax Specification’ near the end of this data sheet. fmay does not apply for TIBPAL20L8’. fray with external feedback is not production 
tested and is calculated from the equation found in the fmax specifications section. 





it Characteristic date and other specifications 
are in Texas instruments reserves the right to change or 
discontinue products without no 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


asynchronous preload procedure for registered outputs (See Figure 1 and Note 3) 





2-198 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each. feito is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj, raise Pin 13 to Vijny. 

Step 2. Apply either Vj, or Vj to the output corresponding to the register to be preloaded. 
Step 3. Lower Pin 13 to 5 V. 

Step 4. 


Remove output voltage, then lower Pin 13 to Vj. Preload can be verified by observing the 
voltage level at the output pin. 





| | | | 
Seer desi eee aller ra ar ooo pe 
| 


| | 
| +——Vip | VoH 
——— Vy. VoL 


Figure 1. Asynchronous Preload Waveforms 
NOTE 8: tq = tgy = th = 100 ns to 1000 ns, Vip = 10.25 V to 10.75 V 
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power-up reset, see Figure 2 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Vec 4V 5V 
| 
tpl 
| (600 ns typ, 1000 ns MAX) | 


Active Low 
Registered Output 





| VIH 
Clock 1.5V 1.5V 


tiene" 
¢— ty 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 





8 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-199 





TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C 
TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL2OR6-7M, TIBPAL20R8-7M 
HIGH-PERFORMANCE IMPACT-X Us PAL® CIRCUITS 


SRPS010F ~ D3353, OCTOBER 1989 ~- REVISED SEPTEMBER 19 


fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (ts, + ty). 
However, the minimum fmax is determined by the minimum clock period (tw high + tw low). 

1 1 


(twhigh + tywlow) Otsu + th) 
CLK 


Thus, fmax without feedback = 


Logic > 
Array 


tsu + th 
or 
tw high + ty low 
Figure 3. fina, Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 
1 
f ith inter <i oR eurpmnreEEE =e 
Thus, fmax with internal feedbac fer thd CLK—to—FB) ° 


Where tod CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





a a ce tpg CLK-to-FB 4 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + tog CLK-to-Q). 


Thus, fmax with external feedback = 1 


(tsu + tod CLK —to—Q) ° 


CLK 


Logic > Next Device 
Array 


ee ek 
nnctainomeslacialintetedtied 


Figure 5. fmax With External Feedback 
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THERMAL INFORMATION 


thermal management of the TIBPAL20R8-5C 


Minimum Transverse Air Flow — ftimin 


Thermal management of the TIBPAL20R8-SCNT and TIBPAL20R8-SCFN is necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate. level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (Ta), and transverse airflow (FPM). Figures 6 (a) and 6 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 7 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C,. = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 





MINIMUM TRANSVERSE AIR FLOW | MINIMUM TRANSVERSE AIR FLOW 
vs vs 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 

1000 1000 
& 

800 E 
i 
3 

600 : 
3 
© 

400 2 
iS 
£ 

200 i 
£ 
= 

0 
Ta — Ambient Temperature —°C Ta — Ambient Temperature —°C 
(a) TIBPAL20-SCNT (b) TIBPAL20R8-5CFN 
Figure 6 
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THERMAL INFORMATION 
POWER DISSIPATION 
vs 
FREQUENCY 
1800 
Voc =5V 
Ta = 25°C 
4600 C, = 50 pF 
1 8 Outputs Switching 
E 1400 7 Outputs Switching 
= 6 Outputs Switching 
a. 5 Outputs Switching 
@ 4 Outputs Switching 
Q 1200 3 Outputs Switching 
= 2 Outputs Switching 
2 1 Output Switching 
& 1000 
a= 
800 
600 
> 4 2 4 10 20 40 100 200 


f — Frequency — MHz 


Figure 7 
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PARAMETER MEASUREMENT INFORMATION 


5V 


L 






From Output Test 
Under Test Point 
CL 
(see Note A) 
LOAD CIRCUIT FOR — 
3-STATE OUTPUTS 
3V a 
1.5V 15V 15V 
rng Seo ; wpe Ne 
| 


Low-Level | 


7 t 
1.5V 15V 3V 
Data > nuee 15V 18V 
input (see Note B) ae eet ey ee 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES | PULSE DURATIONS 
Output 
Control 
(low-level 
_ enabling) 





btresecneelt les = 2.7V 
Waveform 1 |\ isv | | VoL +0.5V 
$1 Closed | oe, 2 
Vv (see Note C) moe age me VOI 
OurofPhase 205%, 1.5V 15V-. : | tus ie bs 
Output g0.% 1 as ten pl ke ee 
pee.Nole 2) pl ie ty lt tr Waveform 2 | “~~ You 
VOLTAGE WAVEFORMS Seance; 1.5V —— Vou -0.5 V 
PROPAGATION DELAY TIMES le eee — — — — — —» OV 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tig. 


PRR s 10 MHz, t; = t¢ $2 ns, duty cycle = 50% 


is for an output with internal conditions such that the output is high except when disabled by the output control. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


Figure 8. Load Circuit and Voltage Waveforms 


mo QO wm > 


(see Note B) 


. All input pulses have the following characteristics: For C suffix, PRR < 1 MHz, t- = tf = 2 ns, duty cycle = 50%; For M suffix, 


. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output contro!. Waveform 2 
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metastable characteristics of TIBPAL20R4-5C, TIBPAL20R6-5C, and TIBPAL20R8-5C 


At some point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop 
can influence overall system reliability. 


Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and is said 
to be in the metastable state if the output hangs up in the region between Vj; and Vj. This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From asystem engineering standpoint, a designer cannot use the specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


The circuit Shown in Figure 9 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after SCLK. The exclusive OR gate detects 
the occurrence of a failure and increments the failure counter. 





Noise DUT Vin 
Generator romeorerr'""4 Comparator MTBF 
i Counter 
Data In 

| | : ) > = 
| | E 
! | IL 
Comparator 

SCLK > j 
| [ 
| | hed Ps 
L. Rt OES Cle ce cue od 


SCLK + At ee. © 


Figure 9. Metastable Evaluation Test Circuit 


In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 10. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 














Data 
SCLK : 7 
| | 
SCLK + At : 7 : : 
iiaasies At >| le At-p 
me (sec 
viding # Failures 
tree = At-—CLK to Q (max) 
Figure 10. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (see Figure 9). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop. 
Figure 11 shows the results for the TIBPAL20’-5C operating at 1 MHz. 


MTBF (s) 


folk =1 MHz 
fdata = 500 kHz 





0 10 20 30 40 50 60 70 
| At (ns) 


Figure 11. Metastable Characteristics 
From the data taken in the above experiment, an equation can be derived for the metastable characteristics at 
other clock frequencies. 
1 ~C2 x At 
MTIBE _ fSCLK * fgata x C1 @ ( 
The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 4.37 X 1078 and C2 = 2.01 


Therefore 


The metastable equation: 


a = fSCLK xX fgata X 4.37 x 1079 e (-2.01 x At) 


definition of variables 


DUT (Device Under Test): The DUT is a 5-ns registered PLD programmed with the equation Q: = D. 


MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a 
violation of the device specifications. 


fsc_K (system clock frequency): Actual clock frequency for the DUT. 

fdata (data frequency): Actual data frequency for a specified input to the DUT. 

C1: Calculated constant that defines the magnitude of the curve. 

C2: Calculated constant that defines the slope of the curve. 

trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. treg = At — tog (CLK to Q, max) . 

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL20R4/R6/R8-5C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to Tl 
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 


Circuits.” 


TEXAS 
INSTRUMENTS 


2-206 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 





lo, — Low-Level Output Current —-mA 


TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C 
TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPS010F — D3353, OCTOBER 1989 — REVISED SEPTEMBER 1992 


TYPICAL CHARACTERISTICS 
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
VS vs 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 


oH — High-Level Output Current —-mA 





-20 
08 -06 -04 02 0 02 04 #O6 08 0 0.5 1 1.5 2 2.5 3 
VoL — Low-Level Output Voltage — V VoH — High-Level Output Voltage — V 
Figure 12 Figure 13 
SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 


loc — Supply Current —mA 


Voc =4.5 V 
Voc = 4.75 V 
Voc =5V 





-7§ -50 -25 0 25 50 75 100 125 
Ta — Free- Air Temperature — °C 


Figure 14 


% 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-207 








TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C 
TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M 


HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


SRPSO10F ~ D3353, OCTOBER 1989 - REVISED SEPTEMBER 1992 


TYPICAL CHARACTERISTICS 


POWER DISSIPATION 


vs 
FREQUENCY 
8-BIT COUNTER MODE 











PROPAGATION DELAY TIME 
VS 
SUPPLY VOLTAGE 










Ta = 25°C 
C. = 50 pF 
R1 = 200 
2 R2 = 2000 
7 2 
s : 
8 E 
a Q 
: 5 
@ 
T 4 
oo S 
o. 
0 ! 
1 2 4 10 20 =40 100 200 4.5 4.75 5 5.25 5.5 
f — Frequency — MHz Voc — Supply Voltage - V 
Figure 15 Figure 16 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
” 4 
c © 
: | VA 
; ri | | | As 
a a 4 
c = tpHL (CLK to Q) er EF “ 
= 2) 
FA gs «8 Az 
r rf | Aer | | 
€ a A Nt tpi HG V0 to 0, v0) 
BR fool ac A 
0 we 
~75 -50 -25 0 25 50 75 100 125 200 600 
Ta —Free- Air Temperature —°C ee — Load aes ee 
Figure 17 Figure 18 
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TYPICAL CHARACTERISTICS 





SKEW BETWEEN OUTPUTS PROPAGATION DELAY TIME 
vs vs 
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING 
Voc =5V Voc =5V 
Ta = 25°C Ta = 25°C 
R1 = 200Q C. = 50 pF 
R2 = 200Q R1 = 2000 
C, = 50 pF rs R2 = 200 Q 
8-Bit Counter 
= 
> 
o 
oO 
Q 
c 
2 
9 
@ 
o 4 = tpH (1, /0 to 0, VO) 
a. 4 = tpiH (I, /O to O, I/O) 
© = tpH (CLK to Q) 
@ = tp_H (CLK to Q) 
1 2 3 4 5 6 7 8 
Number of Outputs Switching Number of Outputs Switching 
Figure 19 | Figure 20 
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, ’ TIBPAL20L8° 
© High-Performance Operation: C SUFFIX. .. JT OR NT PACKAGE 
fmax (no feedback) M SUFFIX... JT PACKAGE 


TIBPAL20R’ -7C Series ... 100 MHz (TOP VIEW) 

TIBPAL20R’ -10M Series . . . 62.5 MHz 
fmax (internal feedback) 

TIBPAL20R’ -7C Series... 100 MHz 

TIBPAL20R’ -10M Series . . . 62.5 MHz 
fmax (external feedback) 

TIBPAL20R’ -7C Series ... 74 MHz 

TIBPAL20R’ -10M Series .. . 50 MHz 
Propagation Delay 

TIBPAL20L8-7C Series ... 7 ns Max 

TIBPAL20L8-10M Series . .. 10 ns Max 


@ Functionally Equivalent, but Faster Than 
Existing 24-Pin PLD Circuits 


@ Preload Capability on Output Registers 
Simplifies Testing 





TIBPAL20L8’ 
@ Power-Up Clear on Registered Devices (All Sie vee iy Oi ce 
Register Outputs are Set Low, but Voltage aa 
Levels at the Output Pins Go High) (TOP VIEW) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


@ Security Fuse Prevents Duplication 


@ Dependable Texas Instruments Quality and 
Reliability 


se [ae [ota | SHEE [a 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
Traoie | ia [2 |. 0 | 6 

[eaizone | 12 [| 0 | 4@atatebuter) | 4 
Peaizone | 12 | 0 | 6(@stateuter) | 2 
Praizone | 12 [0 | 8 (estate bufers) | 0 











NC — No internal connection 
Pin assignments in operating mode 


description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results ina more compact circuit board. In addition, chip carriers are available for futher reduction in board space. 


Allofthe register outputs are set to a low level during power-up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or lowstate. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL20’ C series is characterized from 0°C to 75°C. The TIBPAL20’ M series is characterized for 
operation over the full military temperature range of -55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





Spies conform to specifications per the terms of Texas Instruments 
warranty. Production processing does not necessarily 


PRODUCTION DATA information is current as of publication date. ty Copyright © 1992, Texas Instruments Incorporated 
potti testing of all parameters. 
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TIBPAL20R4’ TIBPAL20R4’ 
C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... JT PACKAGE M SUFFIX... FK PACKAGE 


(TOP VIEW) (TOP VIEW) 


N—-* © 





TIBPAL20R6’ TIBPAL20R6’ 

C SUFFIX ... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 

M SUFFIX ... JT PACKAGE , M SUFFIX ... FK PACKAGE 
(TOP VIEW) © (TOP VIEW) 





TIBPAL20R8’ TIBPAL20R8’ 


C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... JT PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


0 
1 
2 





Pin assignments in operating mode NC — No internal connection 
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functional block diagrams (positive logic) 


TIBPAL20L8' 


* 
* 


Z| 





TIBPAL20R4’ 
OE 
CLK 
Q 
Q 
Q 
| Q 


vO 


vO 


Vo 





“\., denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL20R6' 


OE 
CLK 


TIBPAL20R8’ 


OE 
CLK 


“\, denotes fused inputs 
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logic diagram (positive logic) 
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sa We a Gk GD BO SO SO SR OO 
Gee ee ee i eo 
g 220 CLEC $LELEIL_ LLL ne yee ai 
1 ran till {tli JT {t fyi fi ltf TTT; [yt t 4 F ¢-—t tt} tt td C | 
ie Os ee Pat ld oo a = 
gC RSV WRN RE a PS OR RE OS lM 4 
espe BR BS EO a REO OP ST 
al SR EH ST EN SA HR a 45 
aman A a Oe EO Oe RE CS N O 
oj eae a oa oe ee 
> ge AD RSS EA OG RR RST 5 el NDB A SE 
4 Re SO DE RE i 8 AR GE DO A 
10 000 SReazee 14 
1 SLL Lie LLL ELL LLL CLL LLL st LL asi) aaa I 
"1 SE ee eee ee Re a ie Bi 13 
i SLi Let LLL LEE LLEL LLL LE LLL LL ES l 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20R4-7C 

TIBPAL20R4-10M 

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 
SRPSOO05C — 08307, OCTOBER 1989 —- REVISED MARCH 1992 

logic diagram (positive logic) 

| ; f 


CLK > 
increment 
0 4 8 12 16 20 24 28 32 36 «39 
' 2 S 23 


cad a 
mee TICE 
Numbers 

M4 ry rr ar ee ee eee eee eee 


ld 
ad 
Pe Oe 








ane SRA ARO ee ee 
240 ERR BER Ree ee ee he Ee ee eR eR Ae 
280 pt tT 2 CAT AE He GS 2, 
3 a omy ee ee SRE PRE eee 
! >, SE I Ol eh i Ol A A GO ee ee ee ee 
320 BRR DEAS ERE Eee 
360 a oe. 
400 == Lt a 
i el es ee a eee 
480 Ly A a SS SRE 1s HA Oe SH OO DS, 
520 dd BER eee. 
560 6 Oe eRe es a ee Me ee a HS HA 2D 
800 SRR Fa SRR CRS Os Ce OC A HA Wl, 
4 ttt Fe el pb aL 
i > Sa eee MTR Rhian ee ne ee ee < 
640 SER eee SRR eRe eee 
680 SRR EEE ee ee eee, ee 
OS TE ERG tS OS FO Ga SO FF a 
yee SC A HR a SA RGD GG PA lO as GL 
800 pitt tT 
pea nh SR HE MRA SR a aC Gs al Sa Oe Me 
880 IRE Re eRe ee ee ee (2) Gl A He 
ooo =< FR SOE Oe HE Sea HH WH, 
5 tt tt +—t +++ —+ | tt Tt 
| Ay iit Tritt Tier eth ee eee ee ee eee 
Pee! el (8 CRG GWA SR HR nk GS Re ee A OO 
1000 SRR eee 2 eee ee 
(ag wee oa 
BERR BEE Ee Re eee 
4120 RRR RR eee 
gpm HE SW OE ONT CR dG 
gee eG HE CARS SG] DW RP GR 0D GSN LR SV FF OB 
1240 Pt he Oe ee 
6 ttt tt ttt ttt ERAN eee Ree eee ei BO a 
t > ERs (Heme OE eC ee ptt tt 
1280 a ei OS (Pa GN eS 
1320 ah eee Re ee ae ee eae ee eee Dakss ae ee ee, oe 
4960 ote ee 
1400 Oe Re CS ee Ae RR eee ee eee ee 18 
1440 Oe Oe ee ee ee ee.) or IN, Q 
1460 eS Ee Cae: OE ie Oa ES Aes 2 a 
1520 ptt Pt pt SRR, oe 
4660 emp Tt ie ee > b 
7 0 ee ee {(<—<3 
! b>, RSAC) BE Ba SEHR 2S RUE SN) SR HD Pg — tt tt 
1800 a A EE HF Re RR) OS GeO DW 
1640 COR hee ee eee ee eee ee ee ee 
16 ee 
1720 (eS OE WEST EHH SA GS PP A a A OO 
q7ep = Q 
1800 —t (GRRE RERUN Fe SH DF SUR WH RE CS He 
1840 2 Sl ee Hs SOA (NE Ga RI CAE CO 
ppm (ESF) GS SS GPU WD HR SH eee Ha ak Sa te He OD, 
8 ptt te tt tt GRR eee 
t pti Tit oy ee eee | ¢—t-+ + +t ttt ttt 
1920 SRR ee Ra ee ee 
1 Ce Fe KS CAR al a OE A Se 
2000 a A RO CH RS Se RE HPF HAF PSN sO Se OS HW OO 
9060 ee 
<a CE HGS A AR Ga A OS ST A UR A lO A Gl . vO 
2120 Te eR a DP 
y+ FH Rl GEE a EA Oak tS HHA YO NC 
0 3 ER Es ae ee fe Ey Sa RR HA 0 eR COS 2, GE, 
9 ttt +} 4-}—4 tT 
t Ap jt ft Pitt tity te a 21 es ee ee 
2040 A OO A A OO RM 
2280 See OE Re ENS EH ORR TD GE eC A YS, 
2320 SR Ree oe ee eee ee ee ee, 
roe a GOGO HSA RT SHR RE O09 De eG VS UE SER 0B ERO OO 
ry phage lO GED ak CR SV EN DAO RE VN GRO OE OP OY 5 vO 
2440 SEER SR eee 150i OR: Re OS Ce He 
24 BER re he Da eee eRe ee ee 
2520 pt 
10 eee eee eee Seam 
1 Db a ca a 
11 TdT Td a a 
i Decree each enema fer el nse co Nn eed marvel arf oof al earned ad eller raense me fp crane ie nan rd en mel meee eve l 
Fuse number = First fuse number + Increment rq i OE 


Pin numbers shown are for JT and NT packages. 
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TIBPAL20R6-7C 
TIBPAL20R6-10M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 
SRPSOO0S5C ~ D83807, OCTOBER 1989 — REVISED MARCH 1992 
logic diagram (positive logic) 
1 


CLK 
7 Increment 7 
0 4 8 12 16 20 24 28 32 36 639 
23 

I é ih ___] ee eo ee eee oe ee ee et ae 
First Fuse 
Numbers | = 

p Fl Eh eS Be Sa eH He GF a" 

80 RE 2 CA CF CR CO MRR SO ED Va GR a GR ST SR OG Sa 

120 ttt tt tt TP . d 22 


VO 





10,2520 ~T TT 
> Sen 
| ui ima LTT Tir Tritt Tri Tir TTT = ! 
13 __ 
Fuse number = First fuse number + Increment CP— OE 


Pin numbers shown are for JT and NT packages. 
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TIBPAL20R8-7C 
TIBPAL20R8-10M - 
HIGH-PERFORMANCE /MPA CT-X™ PAL® CIRCUITS 


SRPSO0O05C — D3307, OCTOBER 1989 — REVISED MARCH 14 


logic diagram (positive logic) 



















CLK : > 
Increment 

0 4 8 12 16 20 24 28 32 36 «39 
I : > GRRE eee < 
First Fuse i i 
Numbers 

a A 
Titi, ~Ti it Tit] ~TIiit [Titi ti TIiitt [Tit Ttitt Tit Tit 


a 

Ba 2 A a 

160 REE RRR ee eee eee Ae ee 
200 eo ee a ee 

240 SRR RRR ee eee 

; Hf $f} tp 


a a 
ma te a iz 
2 A a 7] 
10,7520 TT ao ee aa 
A ———___ OLE OTT oT Ooo trae 
11 FETT Fett Ete t Ee TT EE LE CL mei | 
—_—_— ——K—E———K__—E—>—£XZ_z—NEq—#_rT —T—T—TEEETE—EK TEE OT TO OoTFEOT TT rT rr rr} mene << 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS 


SRPSOOSC — D3307, OCTOBER 1989 — REVISED MARCH 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suoply voltage, VGE (See: NOC 1): sc daverouus hes eee sie We thee aes eet any dows tntOneewerae ees oe TM 
INDUT VOILADE {SEG NOG 1). accactestiuk ea enwews whew te vsiw tel eaa we wntne newer hwawecee x eweeees 5.5 V 
Voltage applied to disabled output (See Note 1)... cc cece eee eee ee eee eens LcamueenGems 5.5 V 
Operating free-air temperature range 10... cece cee cect ee eee eee e eee tee een eens eeeees 0°C to 76°C 
SloraGe temperature rane: <ts.sii tan cdsadar dean endeee at neieeteaer awe eeees —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
INNO MAT UNIT 















4758 625 
2 5.5 
[Vi Low-level input vollage (eee Note) SSCS | SSCSCSCS~— |_| 
lOL Low-level output current 
fig Pulse duration, clock (see Note 2) High | » | 
| Low 
Tau? Setup ine, nputorfecdbackbeforecookt SSCS 
[nt Hole ime, inputor feodbackairdlock? ————SSSSCS~C~SCSCSSC*d 


TA Operating free-air temperature | 0 25 75 
Tfolocke tw: teu and th do not apply for TIBPAL20L8’. 
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPSO05C — D3307, OCTOBER 1989 —- REVISED MARCH 1992 





electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS | IN TYPT MAX | UNIT 
Voc = 4.75 V, l)=-18mA ~08 -15] V 
Voc = 4.75 V, loH =-3.2 mA 24 3.2 V 
V V 

25 
30 





IK ies 
OH 
OL 
lozH _|_ Voo=5.25¥, Vo=2,7V P00 FA 
lozit Voc = 5.25 V, Vo =0.4V 
NL 
Cj 
Co 


: 


pA 


= 


M 
ae 
ond oo =475, to =24ma_—SSCS~=~—~sCSC—SsSST SSCs |] 
Tua 
400 


ho Vig = 8.25, V = 5.5V | WA | 
gt og = 525V, MTV A 
a DY 
los’ ——*dt Veo = 825, ~Vo-05VSSCSC~S 80190 
Voc = 5.25 V, V; = 0, Outputs open 
a 2 RY 
Ree Oe ed 
ae ee 










1A 
Ta] 
Caan TF 
[eo SSC*dSC Re, SCV SSCS 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX] UNIT 


without feedback | 100 =i 
f q with internal feedback 
mee (counter configuration) 
with external feedback 


R1 = 500 Q, 
R2 = 500 Q, 


See Figure 6 


















s+] 
ie los 
oe 
Al oO 
9 
= 
O 
ewe, 
roo) na | 
io) 
eth 
ee i © 
Bic 
SC iw 
ole 
2ia 
=! 
S| = 
al 
2|8 
= 
a 













0, I/O 
[V0 0, 10 
tsk(o) Skew between registered outputs 


Tall typical values are at Voc = 5 V, Ta = 25°C. 

ane) leakage is the worst case of I97,_ and Ij or loZH and lj} respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See section for fmax specifications. 

# This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 4 for illustration) and is calculated from the measured fma, with internal 
feedback in the counter configuration. 

| This parameter is the measurement of the difference between the fastest and slowest tpg (CLK-to-Q) observed when multiple registered outputs 

are switching in the same direction. 
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


SRPSO05C — 03307, OCTOBER 1989 — REVISED MARCH 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 1) 2.2... ccc ee cece ee eee eee nett eee e ee eeteenes 7V 
Inout voltage (SCC. NOIG:1):  canvcncatiraucaeeuea awww Meus 4 pee OE ee eek ene Teague esas 5.5 V 
Voltage applied to disabled output (See Note 1) 2.2... cece cece cece rene tee ne eeeeeeeens 5.5V 
Operating free-air temperature range ........ cece cece t tenner eee neeeeeeeeesesees —55°C to 125°C 
Storage temperature range: iivauecss biakckerttnesaebeiie se ewheeoniareeieredenesaen ds —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
HO 

















Supply vollage ae ee 

High-level input voltage 

Low-level input voltage ane Fa 
is ord ar ame 1 
ioL___Low-lovel output current es 
iloak’ _ Chock requency [oa | Me 
tw t Pulse duration, clock (see Note 2) 2} mo 

Setup time, input or feedback before clockT ee a 
i Hold time, input or feedback after clockT eae 


Operating free-air temperature 
oe tw, tgy, and t, do not apply for TIBPAL20L8’. 
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include ail overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPSOO5C — D3307, OCTOBER 1989 — REVISED MARCH 1992 


electrical characteristics over recommended operating free-air temperature range 


a TEST CONDITIONS MIN TYPT MAX — 







Voc =4.5V, l}=-18mA 08 -15] Vi | 
a Voo = 45V, loH=—2 mA 24 32—C«dEC—CSd 






VoL Voc = 4.5 V, lol =12mA 03 O05; V | 
a BCT Vo =2:7V eee ATT 
Veo =5.5V, Vo =0.4V pt | mA 











Voo=58V, Viz55V a 
4 __ ae samme. | 
V V, Vi=2.7V 





Voo= 65, Vino evbemesvosiar ae 
Voc = 5.5, Vo = 0.5V -70 oa 


ware §.5 V, Outputs open 
OE = Vip 


Re Vi=2V 


(Sanne LL Vo=2V ae SE a 
f= 1 Wie, Vouk=2V eee 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN apiomena MAX} UNIT 


| —swithoutfeedback = feedback 


with internal pn 
(counter configuration) 


with external | swith externalfeedback =| 


a ee a (0 0,10 


















Ri = 390 Q, 














R= A A, AT R2 = 750 0, 
—__s See Figure 6 


See an ee Ae ee 






(10 10 
10 0, 10 


Tal typical values are at Voc = 5 V, Ta = 26°C. 
I/O leakage is the worst case of Io 71. and | or lozH and ||} respectively. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See section for fmax specifications. fray with external feedback is not production tested but is calculated from the equation found in the fmax 
specification section. 

# This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 4 for illustration) and is calculated from the measured fax with interna! 
feedback in the counter configuration. 
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TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 
TIBPAL20L8-10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M 


HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


RPSOO05C — D3307, OCTOBER 1989 — REVISED MARCH 1992 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj, raise Pin 13 to Viny. 

Step 2. Apply either Vj or V4 to the output corresponding to the register to be preloaded. 

Step 3. | Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 13 to Vj. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| 
| | | | 

l 1 Vi | VoH 

: ——— VIL VoL 


Figure 1. Preload Waveforms 


NOTE 3: tg = tgy = th = 100 ns to 1000 ns ViyH = 10.25 V to 10.75 v 
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_ TIBPAL20L8- TC, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 
TIBPAL20L8- 10M, TIBPAL20R4-10M, TIBPAL20R6-10M, TIBPAL20R8-10M 


HIGH. PERFORMANCE IMPACT-X™ ‘PAL® CIRCUITS 


RPSOO05C — D3307, OCTOBER 1989 - REVISED MARCH 1 


power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Veg be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


i ees 5V 
| 7 | 
ne er 


| 
| (600 ns TYP, 1000 ns MAX) | 


Active Low VOH 
Registered Output 1.5V 
7 Pigg eee eee oer VOL 
e— tout > 
| | | Vin 
CLK 1.5V 1.5V 
| erie 
tw 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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TIBPAL20L8-7C, TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


in this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. . 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tsu + tp). 
However, the minimum fmax is determined by the minimum clock period (tw high + ty low). 
1 1 
f ithout feedback = ——-_—_—_—_—_———- of —=—=~=~=»>»=>—~-_—. 
Thus, fmax without feedbac (whigh + twlow) or (su + th) 


CLK 


LOGIC > 
ARRAY 


tsu + th 
or 
tw high + ty low 


Figure 3. fmax Without Feedback 


fmax with internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 
1 
f ith int | f kK = 
Thus, fmax with internal feedbac fea te CLK—to—FB) ° 


Where tod CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





+——— tsu ne tod CLK-to-FB + 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax with external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 

could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output 1 time and the input setup time for the external signals 
(tsu + tog CLK-to-Q). 


Thus, fmax with external feedback = 1 


(tsu + tod CLK—to—Q) ° 


CLK 


> NEXT DEVICE 





wa igi ae tod CLK-to-Q esau 


Figure 5. fmax With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 





i 
$1 [{ 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
Co a «(8.5 V) [3 V] 
3.5 V)I3 High-Level 
Timing ae (3.5 V) [3 V] Pulse 15V 15V 
Input , | | (0.3 V) [0] 
ee (0.3 V) [0] ¢— ty — 
= ct : (3.5 V) [3 V] ! | (3.5 V) [3 V] 
Data | ae Low-Level ; 
Input 1.5 V 1.5 Vv Pulse 1.5V 1.5 Vv 
(0.3 V) [0] ———— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
oy samen “ealemntaneianen (3.5 V) [3 V] Control 
Input 1.5V 1.5V (low-level fl. 
| | (0.3 V) [0] enabling) — —— — (0.3 V) [0] 
DC ouna ee ~3.3V 
averorm : Vv 40.5 V 
$1 Closed ie Oh 
(see Note B) x — VoL 
Out-of-Phase | 
Output 1.5V - 1.5V Waveform 2 _¥ — — VoH 
see Note D —-——V $1 Open 
( ) oe (see Note B) 7 VOH -0.5 V 
VOLTAGE WAVEFORMS OV 


PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 10 MHz, ty and t¢ < 2 ns, duty cycle = 50%. For C suffix, use the voltage 
levels indicated inparentheses (). For M suffix, use the voltage levels indicated in brackets [ ]. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


mo OO 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 











PROPAGATION DELAY TIME 
VS 
SUPPLY VOLTAGE 













E . 8 
: tpH (I, VO to O, I/O) 
é E tpH (I, VO to O, 1/0) 
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= a. 
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~75 -50 -25 0 25 50 75 100 125 4.5 4.75 5 5,25 5.5 
Ta — Free- Air Temperature —°C Voc — Supply Voltage — V 
Figure 7 Figure 8 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
Locke PHL (l, VO to 0, VO) 
2 en g 
ee 
‘= Bl tpLH (I, VO to O, 1/0) = 
f ee ee ee 
- —— tpLH (CLK to Q 
2 2 tpHL (CLK to Q) 
© © i 
o re) 
wo © 
rom Q. 
2 = £ 
o. Cy = 50 pF a 
R1 = 200 © 
R2 = 390 Q 
0 
-75 -50 -25 0 25 50 75 100 125 0 100 200 300 400 500 600 
Ta — Free- Air Temperature —°C C;_ — Load Capacitance ~— pF 
Figure 9 Figure 10 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIMEt 
FREQUENCY | vs 
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Py — Power Dissipation — mW 
‘skew _ Skew Between Outputs Switching — ns 





F — Frequency — MHz Number of Outputs Switching 


Figure 11 Figure 12 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 


Propagation Delay Time — ns 


Ta =25°C 
CL = 50 pF 
R1 = 2000 
R2 = 390 0 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 13 


TOutputs switching in the same direction (tp. y compared to tPLH/APHL to tPHL) 
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@ High-Performance Operation: i Se eae mee 
fmax (no feedback) 
TIBPAL20R’ ... 71.4 MHz Seidel 
fmax (internal feedback) 
TIBPAL20R’ ... 58.8 MHz 
fmax (external feedback) 
TIBPAL20R’ .. . 55.5 MHz 
Propagation Delay 
TIBPAL20’... 10 ns Max 


@ Functionally Equivalent, but Faster Than 
Existing 24-Pin PLD Circuits 


@ Preload Capability on Output Registers 
Simplifies Testing 





@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) TIBPAL20L8’ 

FN PACKAGE 


@ Package Options Include Plastic Chip (TOP VIEW) 


Carriers in Addition to Plastic and Ceramic 
DIPs 


® Security Fuse Prevents Duplication 


@® Dependable Texas Instruments Quality and 
Reliability 


INPUTS | O OUTPUTS Q OUTPUTS PORTS 
Pao] i {2 {0 | 6 
palzone | 12 0 | #(@atatobufer) | 4 
paizone |_12 | 0 | 6(@-tatebuters) | 2 
paizone | 12 | 0] (stale butlers) | 0 | 






description 


These programmable array logic devices feature NIC No intemalconnestion 

high speed and functional equivalency when Pin assignments in operating mode 

compared with currently available devices. These 

IMPACT-X™ circuits combine the latest Advanced 

Low-Power Schottky technology with proven titanium-tungsten fuses to provide reliable, high-performance 
substitutes for conventional TTL logic. Their easy programmability allows for quick design of custom functions 


and typically results in a more compact circuit board. In addition, chip carriers are available for futher reduction 
in board space. 


All of the register outputs are set to a low level during power up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. | 


The TIBPAL20’ C series is characterized from 0°C to 75°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA information is current ss of publication date. i 
Products conform to specifications per ie unrwor tere cawunent: ty Copyright © 1992, Texas Instruments Incorporated 
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TIBPAL20R4’ TIBPAL20R4’ - 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R6’ : TIBPAL20R6’ 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R8’ TIBPAL20R8' 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 


a~A=- ADM ONOMAWHNH — 


0 
1 
2 





Pin assignments in operating mode NC — No internal connection 
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functional block diagrams (positive logic) 


TIBPAL20L8’ 





TIBPAL20R4’ 


OE 
CLK 


We) 


vO 


vO 


VO 





“\N, denotes fused inputs 
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7 TIBPAL20R6' 


OE e 
CLK 


Oe 
LSID 





TIBPAL20R8’ 


OE e 
CLK P> 


JU PUUUD] 





“NN. denotes fused inputs 
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logic diagram (positive logic) 
1 


Increment 


TIBPAL20L8-10C 
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS 


SRPSOO8A — D3336, OCTOBER 1989 — REVISED MARCH 1992 


YP 


0 4 8 12 
2 
I—B eee 
First Fuse 
Numbers 
Py eS ES le SO AG OO 
> a OH I 0 
HO SN HS lS 


3 5 tt 
1 ; esha 
nena | 


ee ik ta A 

5 issn. 

|— De 
ie A RE 

Pre ee 

Thee nie ee oe eee 


a A a 
ye ae 5 8 a 

ea BC EE A) 
br FS Sa es 

6 Fi Ge CaS SRM Vl a 
ae GO a St 


ites ie es ee 
poo a WT ES a 

7 re de Le 
I my tritt_titr_titt Ti 
SS A (SO 


| 
oo Ce Se a 
nian eT ds go 
ares) aD Ke We inne Oe So eae ee 
1920 ee DEO a ce (bs RR Oe >) 
1960 tt tT ps ee ee ee » 
2000 SRR Ree Be Ree ee eee ee ee, ORE 
2040 BERG EERE eee eR ee RRA ee ee ee oe 
2080 SRR ptt tt pt So 
2120 Eee Ik es aes De FA) a A yO HH HA He A ae a 
2160 1 1 a AE (RSPR ae RN SS PF PR Oe 
200 Gt i ER SU A OS DG Fd VRAD GRR at iG AO SRA I, SE 
9 a tt patty ttt tt tt tt | 2 ee 
I > Si 2a Eh eee oe eee en ee | $+ _ oe Ree <f 
2240 2h Roe eee eee ee ee eee ee ee 
2280 She hee ee ee eee eee ee ene ee eRe, 
2320 HS AE he A De eB A ee a 0 PO, 
2380 FR GR, Pa FP He a A Oe 
2400 ptt —— ttt tt So 
2440 a DH Fs FO OD SH De WD DH A A aD SP Te GR 
2480 2 He Ses ea a De ee ee 
2520 Bi 5k OSA HN) SE SAS LR FS De DY HS OS CR HC Se HC a DC 
1 Ol 2 SG RS ppt tt tp tt ht Raia he 
1 ADH Tit fii Tir it rrr ere aie <q 
ee OL AEE 
I D> SRR 8 OO 0 ee ee ee << 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 


16 20 24 28 32 


36 639 


Seeeereats = 


23 


vO 


vO 


vO 


vO 


vO 


vO 
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logic diagram (positive logic) 















CLK > 
Increment 
0 4 8 12 16 20 24 28 32 #@€6 36 ©6389 
2 3 
l yt 2 ee eee eee < cs 
First Fuse 
Numbers ) 
p BRR OE ee eRe eee, 
80 S22 a A YN HD OE Hn DA A al HW SD 
120 Pitt Fil? fet] Tit yt Ti Tt Tet JT Ttt Fit tT Ty tt Tit eX 22 
160 Pitti Tit? Tt tt Tritt Titty Ty tt Tite J TTT ttt ttt —fj——$ > So vO 
200 5 RF SSA a Ca HP VRB Hs OH OO 
240 SERRE ER RE ee eee eee, oe 
280 Frit | hf dT Tht UP TT a Yt ff ee 
3 —++—# | ri TT Pitt [Tt y et et tt | | 
| ps aa RRR eee < 
320 (it ft. 7 See ri Tt fT yt | ma | > 
360 rit] Fiy sy Ey tf} || Dk kD a kN 2 
400 rity FiT_t [Et] Tt ee Ty tt TT ET Oa A 0 HN Ke 
440 EY OF RA A OE ASM aE A A SG MT Ml ET 21 
480 OO ee Oe So vO 
520 kB EE (FG SRO Oa He LL Pe DH Ue SF Fa eC 
560 ret t Ti tl Yt | Ee ,| » oa 
800 Litt fT ty tft | | fl |_| te a] 
4 t-t+—t +t | | ft | | | tT ji Feit] ff tl 
| > Sa ee 4 | | | | AK 
649 — rer ia an SSS homes 
680 itt oF tt Tt Rm | | a 
720 Pitt Tit? Tt tt OT 
780 rEtt Fit t ft tT tt Tl 
800 SRR Q 
840 ttt Titty fy yt Eft tf 
880 riEtt Ty tt fyi tt 
920 Pitti] {tty ¢Fyey ff tf 
§ +t ttt ttt ttt} | a 
| mH il Titi Tit £ 
960 riEtt Fett ot Tl OT mm 
1000 rit ft Fije tee feet ft | 
4040 alee pepe poke a Pop ee [bie pas 
1080 ri tt FET tT te tT tT UT ECE Th UTC T TT CT | 
feo Se oa 2] Q 
1160 Ltt Le. LL Lee LL mel 
1200 Pe ee ed be oe ee a a ee eae | 4 
1240 Pow be ee A oP oe ie ele ~ 
6 ttt +t} tt tt URE 
| iH (| tl Crit Tiri TTT) Ppt tt tt 
280 rt ttl {Tit t fTrTtt Elif fl ret tT ty] tT eT] 
1320 pebtets ACE ob Poe et ke ES Pp en Pe bt 
1360 ttt Tit ft fF ttt hE tT dT ]lh hUT TT Th UTE TU Th hE TT OT 
400 =e ee eer 
1440 itil fits Friel —~T ity fey, Fett Tt TT ff 
1480 ri tt Firyy Fett Trt tT Fry] TT Tt T7T yt ff 
41520 rT tT Ttir TitthfHTThthrhhOUTThrhrhhuTrThrhrh OTTr_ T 
1860 rLT; Titt Ti ty [TTT yTiTty -frry Tiel 
7 —+-+—}-+-+-+_+-+-+-+—_} + tft ttt | Gm a RRR 
| iHo___t tll Trif Tir Tritt TTT | ett 
4600 Tri lt Fil t ~FE_TT TET Tt ey ft reset TT] ht 
1640 Littl {ity ~tirtt ~Tei et tt tt Tey Fett 7 | 
680 Vii tl tilt! ~TyT {Tt fit tt fT ett ft fT | a 
1720 rity] fit t FT t_ tT fe Tt [tty fe 
1760 pitti yi tt Tri y fi Tt [yet ft fy 
1800 SRR eee 
1840 rt titi FY Te_t ETT] ET Th UT dT Te CTY 
1880 Pitt Fit tl FT Tt UE TTT UT ET TTY 
8 fi Ti T tt Ete EET UT TT Uf LT 
| i titi TiiTr Titt Tirrr [Tit TT | 
4920 ERO ES SOS RAS Gt A oD Om 
daa il OP 0 eA) lS a SR DN I 
2000  } oF ET th UE TT] UE TT Th UE ECT Tt 
2040 Fi UE TT Th UT TTL UE TT | UT ET TO CT 
2080 Pitt Fit et Fy tt Et Tt tl dT Ty Tf vO 
2120 fi FT tt} jf Tle ET TT UT Ty 
2180 rit J;iy?t [yt FT} Ti ety Tet] fl Pett Te Ee ee Tt yy 
ri tt Fite fi fl if} yt iff ft | 






ToT i 
g ,2200 TLL $LLE LLLLWLLLOE-LLLILLLLLL 
—L_ TO oer on ma 
A pecan 2 RS HE CST a 
faa 0 a OR 
SB al 6 UR RS BN 
ana WE a OO UO BO A 15 
ea A vO 
or gn 5 RE RE lS 6 SO RG 
ppc EM EB al CO 
4 Oe RG 2 A I Ered tt 
10 rit Tre TLL Le LL ceri 
i—_d ae ee Pi 
11 Ft} Tttt Ett Ld TE 14 
1———__ o_o OT Toh | 
Fuse number = First fuse number + Increment rau : OE 


Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


1 
CLK 
y Increment 
0 4 8 42 16 20 24 28 32 36 39 
2 







| > Soe 


" ett Th hUTLTTTTC UT TT UTLEY CT TO I 
Firet Fuse fl 
care TITEL LL 
0 ee pe el eke ee ee ee es ee ee | 
a Ran 










VO 
3 
j 
Q 
4 
| 
Q 
Ri 
5 te] 
j a 
ae oie on 
a a A TE Oe 
yg YC a GC SE a ON 
gee GE Gl 5 GRD a ON GR Q 
a a A 
4 et Sa 2 Ne 
ry OS SB SY a 
6 S00 SS ey 
1 
egal ERE HD SS 
a a a Gl SI a 
5 AD a a Hk 
ei EG Bt TTT LLLLEW LLL 
aS TN Oa BP GR 0 SRE Q 
sa OD SENG Fel DS ON 
yea ES USS GR SS SG 
wee As 2 AR OG A SPE GEN SS EB HE 
7 TTL LLLLLELILLIL_LL 
1— Oo ——__——*—=E= T_T OT TET oa 
: ee SO a OO 
10 TOOT LLLIL_EL LL L_ LL 
El eR A a RE 
ge SS EE 
1 TT 2 i I OK GR SG Q 
Hes aT Ol AE Sa AD A 
ee SS ee a OO 
aa ll RS 
8 Tit Lie Li 
Se rs ed 
fc Wa Sa iO el dO Th 
+2 es  SAB B OEA B 
8 SF RP HS 
apa 8 SY 
ico em 9 ST A a a lp Q 
on Tt 
9 i Os A a 
(I—E_ TOC COOEEo 
2240 ttt bh 
a 
pe OE 
aa — VO 
TT 
2440 TT 
pee rT tt 
10 a a oe 
(— Pe fi 
11 rd 
i—o_ cd I 
. i 
Fuse number = First fuse number + Increment CP OE 


Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
cLK —D 











2 
| i ____} 
First Fuse 
Numbers, 
40 
80 
120 
160 
200 
240 
3 280 
| > a i i 
320 
360 -— 
oan Ew eee 
480 ik ee Fe 
520 tit ml 
560 rtt Ty 
600 rity. I a 
4 ri il a 
I DE | 
640 tty | | | 
680 Titi] 
720 ttt = ie Ss 
760 ri it rt. TT 
800 PT yt Ty) TT 
840 rte] ft. ff 
880 oe ee a Oi 9 
920 eh bcd ec i Dae ee 
5 ri it TUT +—¢+ | a 
| > Ti 2 oe ee ee ee 4 
960 Pi it tT iy TT CTY 
1000 SRE 
1040 eS Oo ob 
1080 rii yt {Tit Ti Ty fet 
1120 Pity Trait TT TT UT 
1160 SRERA REE RAE Ree 
1200 Pritt Tit l TITT hUTT T 
4240 rit] fT yTtit Tt Tt Tf 
6 PEt T tit UT Th UTC] 
| im tir Tir? Tilt Tet 
1280 Ltt it Tt tt TT th hE 
1320 Pee er ed | 
1380 BERR 
1400 Pity Tit t TT hE 
1440 BSR ARE eee 
1480 riEtt fT Tit Tt Ty he | 
1820 re yTT {yt TdT hUTMTLT 
1560 rT iT Ty il Ti th UT 
7 Pritt Tt th UE Th UT LT 
| in till itr tril [Tl 
1600 rEtT TT Ty hh he I 
1640 re Tt [TT ti Te Tet hf et 
1680 Pitti TTT hE UT 
See Fett TT UT 
ri il & 
rity 
FELT 
ri} [| 
aie 
Ey) 


a ESE 
tT tt 
pA A 2 a 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUDDIY Voltage; Vee (See: NOG 1) sce sewers cde tieers eeidasewe indented eee ae nie nstise es ewes 7V 
Input voltage (see Note 1) .............. wea hea ee hn wean e OL eaee came tad den ilags ones 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cece cece ee cence teen eee eee nena 5.5 V 
Operating free-air temperature range 11... eee ccc eee ne eee e eee eee eee eee 0°C to 75°C 
Siorage temperature range”: e504 cichnsiswtsawaiideaas wh edaarwe owes beaetecewan aa —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
a 
ee 






Twin NOM MAX] UNIT 

















Supply voltage 4.75 5 528 | Vv | 
High-lovelinpul vollage a er eee 
neste | ae 
io High-level output curent [82 
lOL Low-level output current FAT mA 
. Clock frequency 71.4 
ah a 
Pulse duration, clock (see Note 2) ak aia: 
Setup time, input or feedback before clockT re a ae 
< Hold time, input or feedback after clockT eae RC 
TA Operating free-air temperature ae oe 


T folocks tw, tey, and t, do not apply for TIBPAL20L8’, 

clock: 'w: "gu h 

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 









ViIK | Voc = 4.75 V, I) =—-18 mA 0.8 -1.5] V 

Voo=475V ioH=—S2 mA V 

[Wor id) Ve = 478 io. = 24 mA V 
20 


lozH* 0, @ outputs _ Voc = 5.25 V Vo =27V re: 
V0 port [1001 
0, @ outputs PSC 
| $ |O, Q outputs V =5.25V 

021" __ [io ports = P1007 


SC = 8, BBV 
Voc = 5.25 V, 27V 







eee LS LTE 





Vo =0.4V 0 

V;=5. mA 
Go . Vi=2. pO 
Tk Voo=625V, Win 0a 0285 | 
Hoss ids Vig = 5.25 V Vo = 0.5V -30  -70 -130} mA 

Voc = 5.25 V Vi=0, 

j= Wi, Vie2V oF 
f= 1 MHz, Vo=2V se 
j= TMA, VouK=2V 





switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
















FROM TO 
PARAMETER (INPUT) (OUTPUT) 








without foodback 
q with internal feedback 
Imax (counter configuration) mee 

with external feedback 
mS 0.10 ai=200, [38 wo] 
Pte R000, 2s 
Cage Oe a a a 
Ei ee OR 610] me 
(10 0.10 a 
1 0.10 2810] re 


Tall typical values are at Voc = 5 V, Ta = 25°C. 
\/O leakage is the worst case of loz, and li or IoZH and lH respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See section for fmax specifications. fmax does not apply for TIBPAL20L8’. 

# This parameter applies to TIBPAL20R4’ and TIBPAL20R6’ only (see Figure 4 for illustration) and is calculated from the measured fray with internal 
feedback in the counter configuration. . 

| This parameter is the measurement of the difference between the fastest and slowest to (CLK-to-Q) observed when multiple registered outputs 

are switching in the same direction. 
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programming information 


Texas’ Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized T| 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj),, raise Pin 13 to ViHH. 


Step 2. Apply either Vi, or Vj} to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower Pin 13 to Vj,. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| | 
| 7 Vin | VOH 
—=— VIL VOL 


Figure 1. Preload Waveforms 
NOTE 3: tg = tsy = th = 100 ns to 1000 ns Vip} = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Voc 4V 5V 
| 
§——~ tpat' ——— 
| (600 ns TYP, 1000 ns MAX) | 
Active Low Von 
Registered Output 1.5V 
Fi Sean ea VoL 
Ie— toy? + 
| Vin 
CLK 1.5V 1.5V 
: ee VIE 
! ans 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
¥ This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data holdtime (tsy + th). 
However, the minimum fma,x is determined by the minimum clock period (tw high + ty low). 

1 1 


Thus, fmax without feedback = (twhigh + twlow) or (tsu + th)” 


CLK 


LOGIC > 
ARRAY 


tsu+th 
or 
tw high + ty low 


Figure 3. fmax Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 

1 


f i int ee ae emg Sak ee oe 
Thus, fmax with internal feedback (isu + tpg CLK—to—FB) ° 


Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





jp tag ce tod CLK-to-FB » 


Figure 4. fma, With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsy + tod CLK-to-Q). 

Thus, fmax with external feedback : 


~ (tsu + tpg CLK-to—Q)° 


CLK 


NEXT DEVICE 





$n $s} pact o-sfet] 


Figure 5. fmax With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 





§V 


L 






R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
Sa 
5V High-Level 
Timing 15V 3.5 Pulse 1.5V 1.5V 
Input ; | | 0.3V 
At Senna ete at te eee = eee 0.3 V [Gane tw ees 
tau—¢-—_plt Pr th | | 
aes 665.0 3.5 V 
Data | Ni a 
input 1.5V 1.5V pails 15V 15V 
0.3 V ———— 0.3V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5 V 
— 3.5V Control 1.5V 
1.5V 1.5V (low-level 
Input | | o3¥ enabling) - 7 Sa OSV 
ten — 
tpa—e—pl 9 |) tats) H- 
in-Phase —- VoH 
Output 1.5 V Waveform 1 
| VOL $1 Closed 





¢—_P— 
tpd a Bia ' 
ae OH 
Out Olan 1.5V 1.5V 
(see Note D) ——-—-— VoL 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


(see Note B) 


Waveform 2 
$1 Open 
(see Note B) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tgis. 


B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 


moog 


. Equivalent loads may be used for testing. 


. All input pulses have the following characteristics: PRR < 1 MHz, t; = t¢< 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


loc — Supply Current —- mA 


Ta —Free-Alr Temperature —°C 


Figure 7 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


tpLH (1, VO to 0, /0) 


tpLH (CLK to Q) 


1 Output Switching 


Propagation Delay Time — ns 


0 25 50 
Ta — Free- Air Temperature — °C 


Figure 9 


— tpH (I, /O to O, VO) 


tpHL (CLK to Q) a 








75 


Propagation Delay Time — ns 


Propagation Delay Time — ns 


——— 
psa ake te eee] 
aera 
| EREEARGHIS DERER TART mnenatensesce 


PROPAGATION DELAY TIME 
vs 
SUPPLY VOLTAGE 












tPHL (I, VO to O, 1/0) 
a (I, VO to O, 1/0) 





BY 


tpLH (CLK to ay) 













Ci = 50 pF 
Ri = 200 Q 
R2 = 3900 
1 Output Switching 






0 
4.75 5 §.25 
Voc — Supply Voltage —V 
Figure 8 
PROPAGATION DELAY TIME 
vs 


‘LOAD CAPACITANCE 





200 600 
ares - Load aac “er 





Figure 10 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIMEt 
FREQUENCY vs 
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Vec=5V 
Ta = 25°C 
R1 = 200 
R2 = 390 2 
C, = 50 pF 


8-Bit Counter 


Pr — Power Dissipation —- mW 
'sk(o) — Skew Between Outputs Switching — ns 





1 4 10 40 100 
F — Frequency — MHz Number of Outputs Switching 
Figure 11 Figure 12 
PROPAGATION DELAY TIME 
vs 


NUMBER OF OUTPUTS SWITCHING 


Propagation Delay Time — ns 


Ta =25°C 
Cy = 50 pF 
Ri = 200 Q 
R2 = 390 Q 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 13 
toutputs switching in the same direction (tpLH compared to tPLH/tPHL to tPHL) 
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® High-Performance: fma,x (w/o feedback) 
TIBPAL20R’ -15C Series .. . 45 MHz 
TIBPAL20R’ -20M Series .. . 41.6 MHz 


@ High-Performance ...45 MHz Min 
@ Reduced Icc of 180 mA Max 


@ Functionally Equivalent, but Faster Than 
PAL20L8, PAL20R4, PAL20R6, PAL20R8 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Preload Capability on Output Registers 
Simplifies Testing 


@ Package Options include Both Plastic and 
_ Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


| 3-STATE REGISTERED VO 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 










Traos| i [| 2 | 0 | 6 | 
Tratzone | 12 [0 | 4 (@atatobutfer) | 4 | 
paizone | 12 | 0 | 6(@-atatebufers) | 2 
Peatzone | 12 [| 0] 8 (@-stato buters) | 0 | 





description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 
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TIBPAL20L8’ 
C SUFFIX... JT OR NT PACKAGE 
M SUFFIX... JT OR W PACKAGE 


(TOP VIEW) 





TIBPAL20L8' 
C SUFFIX... FN PACKAGE 
M SUFFIX... FK PACKAGE 


(TOP VIEW) 





NC — No internal connection 
Pin assignments in operating mode 


Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low state. 
This feature simplifies testing because the registers can be set to an initial state prior to executing the test 


sequence. 


The TIBPAL20’ C series is characterized from 0°C to 75°C. The TIBPAL20’ M series is characterized for 
operation over the full military temperature range of —55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 


PRODUCTION DATA information fs current as of publication date. 
Products conform to p teaee aig per the terms of Texas Instruments 
standard werrenty. Production processing does not necessarily 
include testing of all parameters. 
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TIBPAL20R4’ | ; TIBPAL20R4’ 
C SUFFIX... JT OR NT PACKAGE . C SUFFIX... FN PACKAGE 
M SUFFIX... JT OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) | (TOP VIEW) 


N+ © 





TIBPAL20R6’ TIBPAL20R6’ 
C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... JT OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) | (TOP VIEW) 





TIBPAL20R8’ TIBPAL20R8’ 

C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 

M SUFFIX... JT OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode NC — No internal connection 
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TIBPAL20L8’ 


a, 
am 
aki 


it 





TIBPAL20R4’ 
OE 
CLK 
Q 
Q 
Q 
I Q 


vo 


vo 


/0 


VO 





“\., denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL20R6’ 


OE 
CLK 





TIBPAL20R8&' 


“\N., denotes fused inputs 
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logic diagram (positive logic) 
1 
I 


SRPS021 — 


increment 


TIBPAL20L8-15C 
TIBPAL20L8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


—— a aa aa ae aa a ae 


36 639 


2 


16 20 24 28 


oe 


2 


| | aan 
First Fuse 
Numbers 
o—T oman 
ne oe 
Bae 


120 z Ca EO nce Ge IO ca a vent OG GO Ol DE a SSage ieee 
160 RRR eee eee +—}-+++—_+ +++ —_+ +++ itt“ > 
200 eee eee Ree ME Be 2 ee 
240 Pt Clee GT no 
280 pty tt tt Lt 7. tt EH Ht 
3 ead ane Pe i ee a Eee ee ae 
I > sooes HWE S00 fee 060 Se 0G See Cannan Gee Geen Gee 4 
320 Bae a 
360 Ht os os Be ee eee), 
400 5 SA FR NS PF a ae OG OD 
440 BER SE RE Ree eee, ee 
480 Eh BE RST GS Oe a Pe OS OP SO So 
520 $a OR Ss ae A ee ea WR Oe ee Se 
560 SRR EE eee, oe 
600 SR Oe FSS GA FA mS HO 
4 ae 44+ | jt 2a Ree ee eRe ee ee 
j A» — [Ti jit Ditties eee ee eee < 
840 pt mi Se oS eo 
680 rt ee el rs 
720 Bee tee ee eee ee ee ee CESS eee, 
760 fhe eee ha eee eee ee ee ae 
800 RR eee o>» So 
840 SER RAR RR SARS BE eee eee ee ee ee ee 
BRE Sah eee ee eee eee. oe 
920 BO ee eee, ee 
§ BE ee PO eee 
J Ay—— iit Tpit tity Oe cee dc Ge nc le G0 C= me <4 
960 PM a eT eS er ik 
1000 See eee A SS a AS Ul lS a a FS 
1040 2B EE ee ee ee ee ee eee, 
1080 Bae EAR eee eee ee eee eee), ae 
1120 ee ee ee), So 
1180 0 2a HM Gh Oe VS Ge es De PD ee, 
1200 SS SRA E See ee Eee ee, 
1240 Mitta kak se eae ewes ee do 
6 a ttt tt te jt Let 
t > es ee RR Ree Qen eee ee eee < 
1280 a Eo an 2 Te 
1320 a Po ee oh eee ee ee 
1380 SER Ee PRE Ee eee eee eee eee eee eee ee ee ee 
1400 Ds Gk Oh ES FR A a Veh se SR Ha ea ee OS Se 
1440 OO ee.) So 
Ekg he eee en eee eee eee, oe 
1820 2 Be as es a OM We ee ee 
1860 oe oe i el eee BER tee ee ae ee ee, ee 
7 an i i —+—1-+-+-+—+ | tt a 
1 D>, SURMRNE? (as RE MERE A (ARR Ha PS CE eS = CE Ee eee tt 8 
1600 ie ae 2 ee ES a ae et [une De wt Lr 
1640 SRS eee SO rer 
1680 Ss SS ae Ee SH Pe Wee, 
1720 2 OR ka Oe a OD se ed ee 
1760 See eee m ttt tt tt ttt tt tt So 
1800 SREB Ee ee ee ee eee, ee 
1840 S20 ER A a We A eB a eS OR Oe A ee, Ee 
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I ADH +t} [itr Lt | ¢— ee aT 
1920 ft pf ts 
1980 BEE ee Ee eee, 
2000 Lt ee) ee ors 
2040 ee eee SRR Ree, 
See 2 Ee es i ee ee ERR eee eee +9 So 
2120 See PRA ee ee eee ee 
A OB eB ee ee ee 
0 od SE ee a eae CH 0 
9 ptt Sanaa (Gp ak SD 2 Da OO 
i p>——L tit jit tity ty Lt Gee eee << 
2240 ot ___ De haa el Se ttt re 
2280 a OS Ca CED FRR Fa SSA GS DW a Oe ee, 
2320 S00 ee ee ee ee eee, 
2360 GH RRS 9 Sa RR A HRP HH eC Ha FRSA Ha SP 
2400 Lt ld eo 2 ee ei pa p=» So 
2440 SRR SRR eee, 
2480 +t +} ft} tt} — Ht tt Pe te +++ 
2520 HH} tt ttt +} +t - Ggustaneae S$! 
10, ttt 4+—tH}-++-— ie tno 4 
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11 Trt te 
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Fuse number = First fuse number + Increment 
Pin numbers shown are for JT, NT, and W packag 
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logic diagram (positive logic) 


CLK —-D 






Increment 
0 4 8 12 16 20 24 28 = 82 36 «39 
i D> mmm DO NNN NE OF OS HM A = 
First Fuse 
Numbers » 
————*K£&z—~AET—>EK*—*—*—e—Eee es 
—————X—>—F;*z—VA—KxKF[—X———>£;, £2 — Ort +s 
Pp A a a 20 
am i 0 RN A RE ES NE SO OE SRE, ER Dn 
DS ED EF A OB 
a A A ST SRE OS HA NT Se 
eae A a SR OY NO 
3 PE 
I b>, eed eS eo A ee 
fener i A oo 
aa A A a a 2 
7 aa A A YO WO HGR A Dt OP 
aes EO A A SE 24 
aa EY 6 GL SS Rl FE St A SE aa et 
pi eee a 
a A 
pore oe a A Be NH OO 
4 a CT — ew —*—*=—T=Te>] EEX eer 
I > See 2S ee i a i a 
ais ne Hak ih BE A OO | 
ann Ok OO OO OO 
+S HR Gl NAA 6 At SW MAS a eR Sa SEES EMSRS ENE RS 
Oe OO am 
1 a (6 OD a 5» Cah 
2 OR OO 
tt tt ees 
se 
15 ie 
6 
I 
7 
i 
8 
| 
9 am 
i |__ 
ema 
Baal pete ae 
2 ee aa 
a i 1 Tr 
A ee 
pga WS a ke ES AN MR Ste 
pt tt 
re SW POAT OR Nl A YP SD 
10 a 
OH A OH eH OD 
11 Fee e es hee ee 14 
eee te ee eo a i a 
Fuse number = First fuse number + Increment 43 


Pin numbers shown are for JT, NT, and W packages. 


fe) 


VO 


vO 


VO 





vy 


TEXAS 
INSTRUMENTS 


2-254 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


logic diagram (positive logic) 
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0 4 8 12 16 
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| > Sa, GRRE 
First Fuse 
Numbers 
ae Pte? TTT UTE TT Th UU TT 
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Fuse number = First fuse number + Increment 
Pin numbers shown are for JT, NT, and W packages. 
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logic diagram (positive logic) 


otk —-S 





 {inerement 
0. 4 8 12 16 20 24 28 32 36 «639 
I w hb ____| eth hUdTTLTTLDT UT LTT Th hE hE TT UT COUT TT 
First Fuse 


Numbers 
0 


10 2520 | Tt ti 
| Pe oe a eb ede bo 
11 RE pee ce eee AREA = pad 
| > Tee Rea PA eee 
13 __ 
Fuse number = First fuse number + Increment <P 0 


Pin numbers shown are for JT, NT, and W packages. 





TEXAS 
INSTRUMENTS 


2-256 . POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS021 — D2920, JUNE 1986 — REVISED AUGUST 1989 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltace: Vag (see NOGA). acum tciaiuarhonaciin ou@aulaaeenhemdanarenes be teeeenanmenny 7V 
Input Voltage (SBOINOIE 1) | s2-sunietiewd sennceme ewe y sn eae enawe er Reed nae Re eet ses eee s 5.5 V 
Voltage applied to disabled output (See Note 1) 1.1... cece cece eee cence et eeeenneae 5.5 V 
Operating free-air temperature range ..... cece eee cece ete t eee cece nt eeeteanteeenee 0°C to 75°C 
SOLAS TEMPSATS TANS: ants cdels wer seeders eseatas cated en eeaes ae ee erie —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 





[MIN NOM MAX] UNIT _ 
Voc Supply voltage 4.75 5 §.25 
Vi,____Low-levelinputvollage—SSCSCS~S~SCSCSTSSS~S~—B EV 
lOH High-level output current 
ty! Pulse duration, clock doc Sj = 
: Low 
[gu Setup time, input orfeadbackbefore cook? SSCS Cd 
[int Hold time, input orfesdbackafiorlock? ——=~SCS~—S~CS~SCSCS~C—~S~S*S~SsSCS~‘iSCSSSCSCS~S~dSCi 


T folock: tw: tgy, and th do not apply for TIBPAL20L8’. 
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS021 — D2920, JUNE 1986 - REVISED AUGUST 1989 


electrical characteristics over recommended operating free-air temperature range 


[—eanaveren—[—————esrcowomons wn Teoh] uw 
Wik «dS ATV, =n 1BmASSSCSC~C~—“CSCSSSSTSC‘“‘“ OTS] VY 
Nox | “Veg 781. “igus rr 
Wo. Vc 475V, =m SCSC~—“—~*S*SCSCSCSSC“‘C‘COS OS] OV 


0, Q outputs a BL 
ae Voc = 5.25 V, Vo =2.7V 
VO ports | 


O, Q outputs 
TOpors | Yoon 825%. oe 


os 

iW = BB, VieS5V a 
ge Vo = 5.25 V, Vi=27V [__26] wr 
fgg) | “vegas. vg=08 | 0100 


Voc = 5.25 V, Vi = 0, 
loc Outputs open, OE at Vip . es ree 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) _ (OUTPUT) TEST CONDITION MIN Reed ists MAX 


NIT 
th feedback 
With feedbac’ MHz 


f 

Without feedback 

I, VO 0, VO 

CLKT ia Sees 


rie 6,10 
i O, I/O 
T All typical values are at ie 5V, Ta = 25°C. 
For I/O ports, the parameters |}}4 and |);_ include the off-state output current. 
$ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


q bs te ts 1 
fmax(with feedback) = ics toa (CLK to Q)’ fmax(without feedback) a 


























Ri = 200 Q, 
R2 = 390 Q, 
See Figure 3 














tw high + tw low 
_ fmax does not apply for TIBPAL20L8,. 
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TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS021 — D2920, JUNE 1986 —- REVISED AUGUST 1989 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vice (see NOI6 1): saci cise t eee la cet ieeve aucune vas eee ee eases ekoeie mens 7V 
INDUENVONade (SCE. NOIG- 1)” acts ona ckawnet eee ui came Hema ed ese oe wate eee ee ea sec euad hear stent 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cee eect eee eee ete eee eeeees 5.5 V 
Operating free-air temperature r€ANGe ...... cee ccc teen eens eee eee eeaeeaee —55°C to 125°C 
Siorage temperature (Ande: cade kadeeee ews ee ee Wawel eae eda dale -65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


a ee 
oe A 




















Supply vollags 
High-level input vollage eae Ta 
Low-level input voltage eee 

ao 2 

lOL Low-level output current a 

, | :. RET k Ne 
tw Pulse duration, clock 
Low ae 

teu Setup time, input or feedback before clockT | | 20 

th Hold time, input or feedback after clockT ae eee ee 

TA Operating free-air temperature | 55 25 1251 Cid 


T folocke tw» tsu» and th do not apply for TIBPAL20L8’. 





¥ 


TEXAS 
INSTRUMENTS 


_ POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-259 


-TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS021 ~ D2920, JUNE 1986 — REVISED AUGUST 1989 


electrical characteristics over recommended operating free-air temperature range 


ge ASAMETER TEST CONDITIONS MIN TYPT MAX ar 







Vik asststi‘(‘i‘w’;”SC HH 4, l)=-18mA -0.8 a a 
Wow | Voo = 45, ion = -2 ma Ze 






0, Qoutputs IEE 
cat? PEST Yoo = 55 







Voo=55V, =5BV enemas a 
Opors anaemia | 
ie . == ese Foon 







Outputs open, 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


Ri = 3909, 


R2 = 750 O, 
See Figure 3 





Tall typical values are at Voc = 5 V, Ta = 25°C. 
For I/O ports, the parameters |}} and lj, include the off-state output current. 
Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. Set Vo at 0.5 V to 
avoid test equipment ground degradation. 


1; ; 1 : { 
max(with feedback) = ————_—_-_ a3 ; 
tsu +t 6d (CLK to Q) fmax(without feedback) uy highs © by low 


fmax does not apply for TIBPAL20L8,. 
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C 
TIBPAL20L8-20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M 


HIGH- PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS021 — D2920, JUNE 1986 — REVISED AUGUST 1989 
programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Notes 2 and 3) | 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj,, raise Pin 13 to Viqp. 
Step 2. Apply either Vj, or Vj to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 


Step 4. | Remove output voltage, then lower Pin 13 to Vj. Preload can be verified by observing the 
voltage level at the output pin. 





VIL 
ce ae ae VIH 
Pin 1 
VIL 
| | | 
l 7 VIR | VOH 
ape /|C VOL 


Figure 1. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT, NT, and W packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
3. tg = ty = th = 100 ns to 1000 ns Vip = 10.25 V to 10.75 v 
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C 
TIBPAL20L8- 20M, TIBPAL20R4-20M, TIBPAL20R6-20M, TIBPAL20R8-20M 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 

SRPS021 — 02920, JUNE 1986 — REVISED AUGUST 1989 

power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Voc 4v . 5V 
| | 
le toa! et 
| | (600 ns TYP, 1000 ns MAX) | 


Active Low | VoH 
Registered Output 1.5 V 
Bs Se VoL 
IH tout a 
| | Vin 
CLK 1.5V 15V 
" ame" 
tw 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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TIBPAL20L8-15C, TIBPAL20R4-15C, TIBPAL20R6-15C, TIBPAL20R8-15C 
TIBPAL20L8-20M, TIBPAL20R4-20M, ‘TIBPAL20R6-20M, TIBPAL20R8-20M 
HIGH- PERFORMANCE IMPA cT™ PAL® CIRCUITS 


$021 — 02920, JUNE 1986 — REVISED AUGUST 1989 


PARAMETER MEASUREMENT INFORMATION 
















: 
s1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
Cao «85 V) [8 V] 
3.5 V)I3 High-Level 
Timing a (3.5 V) [3 V] Bilas 15V 1.5V 
Input : | | (0.3 V) [0] 
————— (0.3 V) [0] K— ty, —pi 
teu pit PE th | | 
| ct—-—— (35 V)[3V] (3.5 V) [3 V] 
ae 1.5V 1.5V pow tev 15V 1.5V 
(0.3 V) [0] ———— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output CSN)IS VI 
— ee (3.5 V) [3 V] Control 1.5V 
Input 1.5V 1.5V (low-level - 
| | (0.3 V) [0] enabling) guess — — — — (0.3 V) [0] 
lq» n ee 
tod aa "| ‘pd | — e- 
In-Phase | wae | ss eles = 3.3V 
Output Waveform 1 1.5V V V 
VoL 81 Closed | ‘ : / —__¢ VoL 10.5 
—_P-—t (see Note B) — — VoL 
tpd —¢-— Bs re 
Out-of-Phase | | VOH ten > 2a | a 7 
Output 1.5V 1.5V Waveform 2 ac x VOH 
see Note D ——-—Yy $1 Open 
( oF (see Note B) VOH -0.5 V 
VOLTAGE WAVEFORMS i =O0V 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. CG, includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tgis. 

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (). PRR < 1 MHz, 
ty = tf $ 2 ns, duty cycle = 50%. For M suffix, use the voltage levels indicated in brackets []. PRR < 10 MHz, t and t¢<2 ns, duty cycle 
= 50%. 

D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C 
LOW-POWER HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS022 — D2920, MAY 1987 - REVISED MARCH 1992 





@ Low-Power, High-Performance JT Bat eee 
Reduced I¢c of 105 mA Max (TOP VIEW) 


fmax: 
Without Feedback... 33 MHz Min 

With Feedback... 25 MHz Min 
tog --- 25 ns Max 


® Direct Replacement for PAL20L8A, 
PAL20R4A, PAL20R6A, PAL20L8A, with at 
Least 50% Reduction in Power 


@ Preload Capability on Output Registers 
Simplifies Testing 


@ Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Package Options Include Plastic Chip TIBPAL20L8’ 
Carriers in Addition to Plastic and Ceramic FN PACKAGE 


DIPs (TOP VIEW) 


@ Dependable Texas Instruments Quality and 
Reliability 


see [aos [oie | SERS [ele 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
Pris i [2 [0 | 6_| 

Teatzone | 12 | 0 | 4 @atatobufers) | 4 
reawzone | 12 [| 0 | 6(@tatobutere) | 2 | 
rearzons | 12 | 0 | 8 @-stato bufers) | 0 












description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the _ latest 
AdvancedLow-Power Schottky technology with NC — No internal connection 

proven titanium-tungsten fuses to provide reliable, min ee cloniments i operaung mode 
high-performance substitutes for conventional 

TTL logic. Their easy programmability allows forquick design of custom functions and typically results in a more 
compact circuit board. In addition, chip carriers are available for futher reduction in board space. 





Allofthe register outputs are set to alow level during power-up. Extra circuitry has been provided to allowloading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL20’ C series is characterized from 0°C to 75°C. 


These devices are covered by U.S. Patent 4,410,987 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





sre conform to specifications per the terms of Texas Instruments 
warranty, Production processing does not necessarily 


PRODUCTION DATA information Is current as of publication date. R Copyright © 1992, Texas Instruments Incorporated 
inoue 5 testing of all parameters. 
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TIBPAL20R4¢ TIBPAL20R4’ 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R6" TIBPAL20R6' 
JT OR NT PACKAGE FN PACKAGE 


(TOP VIEW) | (TOP VIEW) 





TIBPAL20R8’ | TIBPAL20R6’ 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode. . NC — No internal connection 
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TIBPAL20L8-25C, TIBPAL20R4-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS022 — D2920, MAY 1987 - REVISED MARCH 1992 
functional block diagrams (positive logic) 


TIBPAL20L8’ 


- 
* 
* 





TIBPAL20R4’ 


VO 


/0 


vO 


VO 





“\N, denotes fused inputs 
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TIBPAL20R6-25C, TIBPAL20R8-25C 


LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS — 
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functional block diagrams (positive logic) 


TIBPAL20R6’ 


OE 
CLK 





TIBPAL20R8’ 


OE 
CLK 


“\., denotes fused inputs 
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TIBPAL20L8-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS022 ~ D2920, MAY 1987 — REVISED MARCH 1992 


logic diagram (positive logic) 
1 


Increment 
0 4 8 12 16 20 24 28 32 36 39 
2 23 
| | Pele es eels ees leah Gs oe ee Se be Pole bales. a eS | 
First Fuse 
Numbers a 
an BERR ee ee Oe eee, 
80 ae RRR eee eee ee ee eA RRA ee, 
120 SEB rttity Titty Thr UU LT LT hUTTTTh hUT Th T T UT _] Se Se es Gee 22 
160 Oe ee ee ee ee ee eee, Dp ie O 
200 Ache ee eee he eee ee ee ee ee, 
240 Ts OHS ea Me Se Sees HA Be 
oP ee i eb hs SE (a Ph SRS FN OS CR AR A A, 
3 t+ URE ERR ri ti TT tl tts hh TT UT 
! >, SE a Pg ttt tt tt td C | 
920 Lid Roe ibe Ae oh ee ee Pepe od ed Po eh aw ee 4 “) 
360 De I ee es 
400 BRS E EER EERE eee, 
440 SSR Be eee, 1 
480 SRR eee 8 ON OO OO OO », SE So vO 
520 EERE RAT Ree eee RA ee ee Be 
rt it TT Tt TLE TUT SORE (ed RE SO GA Fl ee, 
ried hits Li TL Ee SDP eee eee, 
4 ttt ri TTT TTT Tl hE TTT TET YT OUT TT OT OT 
! iw tilt Tilt RED RSE ee ee < 
640 rics it th SEAR RRM PERE REE ER RE Ree re 
680 rete TT Th UTE Th UTE TT UT TT TOT Ra (ES G:C 
7 SSE Be St 2 ee See ae eee ee ee eee ee ene 
oan Litt [Titty titt Tittl [oT Tt Tig de Titi TTT} Tt To Hae, See 20 
800 rt tt TT dh OUT TT UT TTT UT TTT ET TT TTT CT TT CO TT OU TT = = So vo 
840 SEB RE 2 ee ee ee ee eee, ee 
880 ee 
920 RRR AS eae eee a eRe ee 
5 tft — ttt ttt te ee ee a ee eee ee ee ep 
| of ie F ¢— ttt tt tt td 
960 GR ERR ERRA EA ea bebe bd ode ed oe Pk Ee or ack | i. 
4000 RRR ARSED Se BARRE AEE REE RARER ERR AREER, 
1040 200 RE Re ee eee, 
4080 22 See ee Phe eee eRe ee oe 19 
4120 ee ee eee ee, So vO 
41160 ri it tT ttt Tt ho SERRE Re eee, ee 
41200 ER ERE RE RRR ee Re Eee Ae ee See ee Se ee 2 oe | Se 
1240 ee eb pe 4 Be ee ea rs 
6 Pe LL ty! ttt tt a SERRE RE RSME RA SARE 
I im tilly Tritt Tiil TTT f Pe 
1280 BRE ME GR s ce ef a Otel hat Po ee a nw = 
13 ri it J Tt eT a es 
pps PST tT Tt i Tt TT TTT UP TT hE TTT UU TT OU Se eae ae 
1400 ESE eb ee PO oe An GER ie he ee ee eee ee ee = Ge 18 
1440 (LTT Tt tt ET Th ho TC ttt tS So vO 
1480 oe 
18 SS ea aee ie SSR eee, 
bet rity Tt Ty enw ee Ct el ee er 
7 Pt tT tT TT YT Lj tt tt tt CRE RE RAR ERR ae 
i > SEE ee 8 EERE ee CSS Ee Oe i a ae tee < 
1600 Pty Ty Titty TT rit dt TT TT UT ee Pd ok. | td ) 
1640 rt yy Te tt ee Th UT ETT UT TTT UEC TT CTT TTT CUT TTT CT TT ae ae 
1680 obs ee be Pore SR REDE eee, 
41720 PEt Tt ft BEzZRAEEe rit] 1s OD a SO Se 17 
41760 ptt tT Tt Tt UT TET TT ETT TT p— jp tt Sc vo 
1800 SRR ee ee eee, ee 
184 SRS ee eee ae ee ee ee 
Hees rity Ty Tite Tee TT rit Tt tt PT UT 1a (WO, 
8 Shoe reitl[yj{ J CE REE 
i ime ttlilt [rir [ffl [tly [Tif Tiify | Pg tt Td 
1920 it Tet iyt fy EEE Rie Tet ) 
1960 rtit [itt Ett TT SERRE Ree, 
2000 Sh RR RAR SA eee See EER ee ee Eee, oe 
2040 SRR RRR Ree Fd SPR RG SAP He GS, 16 
2080 ie Pei ea eh or bl) a ah ie eee ee +t ttf ty dt es SS So vO 
2120 Ske hee Re ee ee ae eRe eee See ee ae 
agua aan rity Tt ff | es 
2200 ER RPE RES RRR ERA ret tT TT TT UT TT San Be. ax 
9 un a ht a -+—+ | i ee a ae 
i im +i tt J iit {TIT i?t Titty Jett Tt yt Tidy ttt} ++} ————< <q 
2240 pe Poh de ee Ea a BRS REC Rae Se RRR ERAS ) 
2280 ER Rae eae ee an tt 
2320 RR RRS AREER SS a A a OO eg, 
2360 BERR REE eee, ee 15 
2400 ttt Tt tt UE Th UT A 0 OO OO, So O 
2 SRR a AERA ee ee 
2480 SRR RV RAR SAR RR RARE ee a REREAD ERE SE SPM ee 
2520 SERRE RRR EE ee Re eee, 

10 ttt tL Ld | Smee See 14 
| im |i tt tit? Tri Totty Tir Terry Pe Tr acs I 
"1 PLETE EE si i 13 
i im _ til Jit fitt Tit Tritt TTirT Try Trt hr See | 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20R4-25C a 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 
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logic diagram (positive logic) 
1° 


CLK > 
Increment 
0 4 8 12 16 20 24 28 32 36 39 
2 
| > a et ee ed ee Ee 
First Fuse 
Numbers “ 
a SRR EES ee, 
80 ee oe 
120 PL wt Pe ee Pa er | RE RR RO MR WF A 
160 OO 
200 ee ee, 
240 ed a sd 
. 280 BRERA EERE Eee SRR Oe OS De 
3 tts Pte ee be an rT tt [iti Ct | au mi 
| D> en bal i Pott ty tt TT tt KR 
420 See ret t Tt TTY UT UT TY ee 
360 tit fee ijt | fy a Fe a SR 2A HR a We HO 
400 SRE 1 SRS NF A GE ee De HS A, 
440 itit J tT? Ti Tt fl NE SE SA FO eR A HT a Se 
480 rity [Ty Tritt [iit [TT ritl {ij {] ;il{T | oe ee 5, 
520 ri yt, f{tEt_t T_T st fy tt] fT y_tTy Tit y Fete. | Fs A 8, 
560 Pe ee be fo oh Piet te ee Ee A be 6] . 
800 BRE REE Ree 
4 —+-+}—--+ | 4 RRR 
I rm LIT Tit 3 et tt tt tt tt tt 
640 rit) | fy t ff SRA 
B80 SRR RRR 
720 ERE ERR 
760 riety [Tit Tri; [Trl Tri {tT iTyy Ti tt 
B00 es bed ee ae ee st | 
840 CPP Tt Py FEE Tt. eT} CTE 
880 rT tt [itt Tyr] [Tit Tet rt [TTT Tit t f 
920 Pitti ft BERR RRR 
5 rt iT RE Sea ee a SRR REESE 
| im i rtit [Tit {iil | GREER RE 
960 Pit ft ey ty | ri} [tts jf tt | 
4000 REE RES 2 ew He rT yi [j{yj{ T~TIiTy | 
1040 PP be A EP a ee Pee er | 
4080 aan SERRE EA PDB ene Eee acs] 
4120 riLitl Jiitt [Tit [lil] [Tilt [Tit [TIT] 
4160 Tritt [lity [rrr [Til Trir [rir [rir | 
4200 an rit [fT Ty Titer TTT UT UT CO 
1240 | A ea a ee tt bd 
6 B rit TTT UT —+ | ae eb a | 
| ima |tLtitl [itt rit Tilt ee Me eee Pago] 
1280 a Co a Se 
1320 an rit SER 
4360 Pritt Tid UTE UT Th UT Uh CT tt 
1400 Titi TT eh TEE Th UTE TT UTE Th UT ECT TT UT 
41440 SRR a 
1480 rit ti. ti tt TTT Th UCT tT UTC UT CT J} 
41520 i Cp eee oe ae. Fo] 
41580 SRE MEER RE BREE RRR Te per | 
y ee ey rtd 
| im tl it [Ti iTr Tirtt ~TrLir Tiirt | rt yd 
4600 ERR RAR RRR EER ee Eee ee cee 
41640 tit Tt UT Th UT TL UU TT OT Eben | 
4680 rity TTT hhh UT TT OUT OUT td 
1720 ee ER Pet ey ee ee rity 
1780 rT tt Tt hE Th UTE UE UC TT OT TT nea 
4800 rteeT TTT UTE TTC UTLTUTLT hUTUT TC ty 
41840 os Pe. ae ook web Ded ae Re 
Mee bebe ee BI ie Le ee Po 
8 ri ti. Thy Th UT TTT htc hUTLTUdTLT hUTUT T Gm 
I en oe ee er  $— 
41920 Pitt Tt UTE UPL TUE UU UU TT} | 
1960 SRR eee 
2000 RES PARTE See eee rit l 
2040 Pett Et UTE UU UU ET UTE UU TT 
Ltt t fit tl Te tt TTT UU tt 
2120 Peon ohh oe teeth Doe ede Ds es | aoe 
riy tT [rt rt Trt TIE UTC tT 
2200 SRR tT 
9 oe eo oe eS eed ie robe | rit. 
| > i he ee hee ee eee ee ty 
2240 oe A i td il me 
2280 ii ti {{[_f{y Tiyy tet FueyT fT | En 
2320 RRR ne 
2360 BT A OB Se a Oe A A OD 
2400 ERR Ee DS 2 eee De ee ee ee e020 
2440 Pitt Titi y Th UT OUT Be m 


2480 | 
10,2620 tt ng 
I Appt titi Tee t ttt a a a 


11 BP UR EE Pee 


I Ait 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20R6-25C 
LOW-POWER HIGH-PERFORMANCE /IMPACT™ PAL® CIRCUITS 


SRPS022 — D2920, MAY 1987 - REVISED MARCH 1992 


logic diagram (positive logic) 
le 





CLK > 
Increment 
0 4 8 12 16 20 24 28 32 36 639 
| = S aaa ef eed Plo b wae Ae ped | | 
First Fuse 
Numbers 
PS a Gl PAR a a SR lS 
80 hs Po A de Palo bet ao ake dee eh Bobs, deeds fe See eee, 
Boece RES 5 0 RR dO 98 
rt | ke) 
| 
Q 
| 
ef 
l 
Q 
| 
Q 
| 
Q 
i 
Q 
! 
VO 
I 
Fuse number = First fuse number + Increment OE 


Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
oLK Dp 


Increment 


2 \ 

I > ae 
First Fuse 
Numbers. 
40 

80 


120 
160 


240 





To 
10,2820 T_T rt aay 
Sa ftir Tet 


wi 5 OSL OES Ba tt 
aD SR SN OSE PO 4 
a bee bah B 14 
1 0 NO i wa 


coro 
a aan 
E Lt 
SO Se BON 2 


Fuse number = First fuse number + Increment <p— OE 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL2ZORG- 25C 
LOW-POWER HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


SRPS022 —-D2920, MAY 1987 — REVISED MARCH 1992 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; Vee (See: NOG 1): a.csctesitedamde Gdwewesaesae becwdanbantuunes tan bawdletemiueens 7V 
iINnpUtEWORAage (SCCINGIG 1) sacesckwi wore edatiea iain oiweeenwete es dee etawt ores eae eae seeds 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cee eee cee eee eee eee eee aac 5.5 V 
Operating free-air temperature Tange: 0. ov eiSd wet Wedeesewiseneaeoeeereeut dus deatew eat 0°C to 75°C 


Slorade tEMDEraturE FANGS” <ankcaciundoteuseupeveves bie dihee tn overnetae Mone wesaens —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
















Supply voltage 4.75 : 
High-level input voltage 2 5.5 


Fa a a A] (AONE (TR 
lOH High-level output current 
ee ee 





Pulse duration, clock 


Setup time, input or feedback before clockT 


< Hold time, input or feedback after clockT 
TA Operating free-air temperature 
T folock: tw» tus and th do not apply for TIBPAL20L8’. 
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SRPS022 — 02920, MAY 1987 — REVISED MARCH 1992 










electrical characteristics over recommended operating free-air temperature range 


ee TEST CONDITIONS — MIN TYPt MAX| UNIT | 
p08 = 15) OV 














Voc = 4.75 V, lj=-18mMA 
| emaneaae Beer ioH= -32 mA ee 
Voo=476¥. iol = 24 mA ee 1 
O, Q outputs eriiecpeens ee). ae 
ree COCKE ee Vo =27V 
02H [io ports = : 
O, /O, Q outputs _| /O, Q outputs _| 
Voc = 5.25 V, 
eee aad YoroAv 
Voc = 5.25 V, =5§.5V 
a Voc = 5.25 V, it 2.7V pea 
hut Voc = 5.25, Vj=0.4V p= 0.25] mA 


log? Voc = 5.25 V, Vo =0 -30 -70 -130 
Voc = 5.25 V, Vv; =0, 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM 
(INPUT) (ourPuny TEST CONDITION MIN ao MAX 


NIT 
MHz 













Ri = 200 Q, 
R2 = 390 Q, 
See Figure 3 


Tall typical values are at Voc = 5 V, Ta = 26°C. 
For I/O ports, the parameters 1|j}4 and |j,_ include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


ale sstuttha selina cicadas sa eet , 7 1 


tot tod (CLK to Q) ’ fmax(without feedback) = by high + by low t 


fmax does not apply for TIBPAL20L8,,. 
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SRPS022 — D2920, MAY 1987 — REVISED MARCH 1992 
programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 


tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj,, raise Pin 13 to ViypH. 


Step 2. Apply either Vj or Vj4 to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower Pin 13 to Vj,. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| | 
| Tt VIR | VOH 
| —— 7 VIL VOL 


Figure 1. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 


3. tq= toy = th = 100 ns to 1000 ns Vipyy = 10.25 V to 10.75 v 





% 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. | 


Vec 4V 5V 
— . 


| a 
| (600 ns TYP, 1000 ns MAX) | 
Active Low VOH 
Registered Output 1.5V 
ff Rp oe eee vs ow VOL 
KK— tet + 
, | ViH 
CLK 15V 15V 
777 VIL 
| fw | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 
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PARAMETER MEASUREMENT INFORMATION 






‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
eS SV 
3.5V High-Level 
Input : | | 0.3V 
of —— — — — 0.3V Kt#— ty 
” ct : 3.5 V | | | 3.5V 
Data | Scan ee i : 
input 1.5V 1.5V makati 15V 15V 
0.3 V ———— 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5 V 
Control 1.5V 
(low-level AN 
enabling) = | —— — —— O39V 
ten — 
| tdis—Pj g— 


7 eee es ee = 3.3V 
Waveform 1 15V Vor +0.5V 
$1 Closed | | | __v oF 

(see Note B) <=, 


| 
Out-of-Phase | Ney V, en ten i | wio_y 
Output : ; Waveform 2 | -_ OH 
(see Note D) pa eee VO. $1 Open 
(see Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 








VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdjs. 

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR < 1 MHz, t, and t¢< 2 ns, duty cycle = 50%. 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E 


. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPAL20R8-25CNL 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS023 ~ D3095, JANUARY 1988 — REVISED AUGUST 1989 

@ High-Performance: fmax (w/o feedback) TIBPAL20L8' . .. FN PACKAGE 
TIBPAL20R’ -15CNL Series .. . 45 MHz (TOP VIEW) 
TIBPAL20R’ -25CNL Series ... 33 MHz 


@ -15CNL Devices are Direct Replacements 
for PAL20L8BCNL, PAL20R4BCNL, 
PAL20R6BCNL, and PAL20R8BCNL 


@ -25CNL Devices are Direct Replacements 
for PAL20L8B-2CNL, PAL20R4B-2CNL, 
PAL20R6B-2CNL, and PAL20R8B-2CNL 


© Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


@ Preload Capability on Output Registers 


Simplifies Testing 
{ 3-STATE REGISTERED Ve) 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
4 (3-state buffers) 


Peawzona | 12] 0 
Peaizone | 12 | 0 | @(@atatebuttor) | 2 
Peawzone | 12] 0 | 8 (@statobutfers) | 0 


ordering information 


Devices with the AMD chip-carrier pin-out shows.“ 
here may be ordered by using the indicated wart 
number with the NL suffix. Do not incluge*thé 
package suffix (FN). a 
description te: 
These programmable array logicsdéwicés feature 
high speed and functional ,eGialency when 
compared with currently avaiiagie’devices. These 
IMPACT™ circuits combiife*the latest Advanced 
Low-Power Schottky:*téstinology with proven 
titanium-tungsten Uses" to provide reliable, 
high-performangs sébstitutes for conventional 
TTL logic. Thzi#;6&sy programmability allows for Z 
quick desigi."af custom functions and typically TIBPAL20R8’ ... FN PACKAGE 
(TOP VIEW) 









O 


=> 


tee =e 
Z'O 


TIBPAL20R6’... FN PACKAGE — 
(TOP VIEW) 












results in“@"more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or 
low state. This feature simplifies testing because 
the registers can be set to an initial state prior to 
executing the test sequence. 


The TIBPAL20’ C series is characterized from 0°C 


to 75°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. O 
PAL is a registered trademark of Advanced Micro Devices Inc. NC — No internal connection 








Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily 


PRODUCTION DATA Information is current as of publication date. ty Copyright © 1989, Texas Instruments Incorporated 
include testing of all parameters. 
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functional block diagrams (positive logic) 


TIBPAL20L8’ 


a 
me 
* 


7 


f 


TIBPAL20R4’ 


OE 
CLK 


“N., denotes fused inputs 
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vO 


1/0 


vO 


vO 


TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
TIBPAL20R6-25CNL, TIBPAL20R8-25CNL 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS023 — D3095, JANUARY 1988 ~ REVISED AUGUST 1989 
functional block diagrams (positive logic) 
TIBPAL20R6’ 


OE 
CLK 


a e 







JED 


Mm 

= 

IV 

ar 

4 

| : 
su 


He 





TIBPAL20R8’ 


OE e 
CLK & 
; 


i) © , ©) © © © © 2] 


JUDD] 





“\N,, denotes fused inputs 
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logic diagram (positive logic) 
1 
| 


_Increment 


maemo aa ea a ea Seas Popa Rae RRO REE 


0 4 8 12 


1p 


| Se ee a We ee 
First Fuse 
pa A A A A A A 


aS lS ER RE 


120 Pt BR eee, ee 
160 oy a ed oe i ) 
200 tH ak HE (A FF a A Se PR HB FO BS, 
240 SER Ra PER PARR ee ee ee ee ee 
1 a A a a Ce OH FR eT OO A 
t+ ++ —¢ | ee dl as ie es Te ee 
J > SE I ee ¢—t +t} ttt tae <q 
320 BERR Re RE eee, 
3 SERRE BER eee, 
400 ce ee ee ee ee ee, 
440 BER Se ee eee, oe 
480 SRR OF OO OF OO OS 
520 EO OR a He SR PN WS Oe A eS Fe  , 
560 SSB PEE eee, 
600 Oe ee eee, 
4 ae +++ | CER eee 
I D> GR On em Ce eee 
840 a RE FO GR A SD RE GS HR CF Re AR GSN MH Da OOO 
Gh REE a 0 RE HT A Hs FN A ae WH 
720 a 
7 Ge (Rar Na PAR HS FE Ds HSI (aD HD Se CR Oe HD, 
B00 pitt {tip 
840 ee oe ee aa GO URS RR OF WA OS PD | 
880 SER Se eee, 
920 SRR ee eee, 
6 De a 
I > a oe ee ee ee eR ee ee << 
960 Cs 
1000 RBS ae eae eae ee BES ee eRe eee RR Ae 
1040 es 
1 BO ee eee, ee 
1120 ete hee O88 FB 8 NO OS 
1160 Sib Ae eae SARS ee Ree ee eee ee, ee 
1200 SER eee, ee 
1240 SSE PERE BEE ee eee RE Re RE , 
7 +}4+—++ ++ ++ +44} tg | i ae A ee ee eee 
I D>, SRA) La al A gt ttt tt tt Td 4 
1280 Pik eet eee eee Re Ee ee ee ee 
1320 SERRE REE ee ee ee eR eee 
RE eee eee ee ee ee, ae 
1400 5 Oh SR OS De HA A SY Se Ae eS, 
41440 0 ee ee ee) 
Oe Re Ha 9 NR HG a HH OO De Se ee 
1520 Eh 2 a A HO A OD 
1560 (a eR DO HO AS OD SH HO A O° 
f+ 4}—t- ttt tt ttt tt ‘ae ae ae A WS a 
I p>, SAA (i FER es a EEE < 
1600 pt ed ae 
1640 BERR RE ee |_| 
ee Be ee 
1720 Ree Oe ee ee ee ee ee Bane, a 
1780 Litt Pit ttf }—} > 5 
41800 ee ee eee, 
1840 pit Ee See, oe 
41880 1 FG dT CO BD a en A Ge PH a De 5, 
1 ERR t+ ++j—t + t+ | jt 
l ic Eo Qe se eee eee 
41920 eT eT er es Oe ae 
1960 SRR a ee 
2000 Rae SER Ree SERRE Ree Re 
2040 SER Re ee ee, 
9 BS Gee ee ee ee ae ERR I OO Hy MA Ha, 
2120 BURP See Re 
Oe 2 a 0 De ae 


2480 
13,2820 Peet te 
I A EL 
ome MRA 
l p> ISR 2 (RE 0 Sl 


Fuse number = First fuse number + Increment 
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TIBPAL20R4-15CNL 
TIBPAL20R4-25CNL 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 
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logic diagram (positive logic) 












CLK >. 
Increment 
0 4 8 12 16 20 24 28 32 36 639 
2 27 
! a ee ee We ee | 
First Fuse 
Numbers ) 
Ps 2 6 ee ee eee, 
80 EBS Fs PO A HO A 
120 BEA MASE RR RAE ee ee ee eee ee ee, oe 26 
180 iy) Th UT Ul OUT OT CUT COT TT CUT TT COT I TCO p=» Sso VO 
200 a 2k FS A OR a GT a HS eV US HM DS 
240 A ks Oe Fe HS RO OO ee, 
280 Pl yt TTT UT TT CUT IT CUT COUT ET CUT TE COUT TET OT TT 4 
3 | -+—4 | Pi ty UT UT UT TE TE UU TT CUTTS CU TT TT 
| > SE se Pe tt tt eae < 
920 Pe ee oe ee ee ee EE Eek ar ee 
360 eT Le er a EL er FI 
400 rity Ty tth hTTT hE UT TrTh hhh hhh hE CUT TT LT 
440 rt Titty TTT UTE UTE ThE UCT TUT CUT TUE COC TE CUT TT 
480 rit Tit UTE TT Th hUTUThUTTUTh hUTUUTL Th CUFT CUTUUTUC CUT TT COT CT 
520 rity Ti tt Thr UT UOTE UT LTT UTE CULT TT UT TT 
560 Pity i Tit Tl UT UT TL UT ET UT TTT UOT TCT OTT a 
800 Ce ea ef Ae db de i Pe Poe Pee PP | 
4 ttt ttt | ry htt hh UT TUT Th hUTTLdTdhChUT TUTTLE hUT TUL CTT UT 
| Lit filer | Pet TT OUT UT CT OT 
640 Titi ty Tt hh rt ttil ITT > Ti til Tit? ft Tf 
680 rt yy Ttry TTT hUThThETh hh UOT TUT UTE hOTUT T OT TT 
2 eee eee eee 
760 tr ck er KI PET. TL tL 
800 rey ry Tit tT TTT) Try TTT) TTT UT CUT 
840 rei y [itl {[T7T?t [~Tril |TTy Tritt TitTt | 
880 i as ek Go bled es dt op People sob fm et poe =e pel | 
920 ryy ti TirTt TiTiTt jit Try frit JCiyT | @ 
6 H+ ttt tt | rit Ti TT TT yh UT TT hh UT TTT UT TT 
| > 2 hee BAe eee ee Pee be ee eee bee ee od 
980 ry yy TitTt [TTT fh rTeitty ts ~TtTitl Titt Tilt Tis t TT | 
4000 rit tl Titty UT UTE UTE T Th UT UTC TC CUPL TTT COT COT TT 
1040 iil Ti tt Ti Tt Tit Tt Tt Tt hie TT UT EE OUT CT 
1080 ri] ] jy ty fF T_tT TTT) [TyT tT JTTt TT fi y] ~Tiyy ft fl 
1120 - rity Titty? TTisy [Tit JTiTrtl TT it Tri] Tritt [TT 
1160 ri uyt Tritt FETC UTC TT UE UTE CUE TUE CET COU ECT TCO TO 
4200 eg = A eo ee ro eae fd el ee eb es 
4240 riil iTiitl (IT ?t [itil JT iTlr tit itl [~T Tit fot] 
7 -+—t ttt tt tt ttt | URE eee 
I im | tT tit t TTT) Ti it Pett TT UT rte tt 
1280 riiy fijyl [lji j[ijys triy Tilt yiyt fyi} Jf if 
1320 CAT a eb ae a Pa EL | 
1360 rit dt TTT TTT Th Th hhh hE TTC hy CUT TT 
1400 rt TT tt Tet yy UT UT rT Ti tt Tii?t TTift TIT 
1440 ri tity f~{tTetT TT tyT FT i ft ef Titi} FT yy tit tl 
1480 Piel. elt ed) A er Tritt Trt TTT 
4520 Pitt Th hUTLTTTT UTLThhT UT TT CTT CT TT CUT TT 
1560 eh eer ee le ded dk Le EL 
9 ttt tt tt E+ Cee 4 
| im titi lt JTiyT [Ty7y [TTT Titty | Pg ttt tt 
4600 rity] Ti ry TTT y Trt UT LT am | 
41640 See RES Sees ee 
1680 ryiy [iy] vit) fT Tl | 
1720 Pt. ELA td Te Le. 4 
1780 riit jit? Ji ftTft titi TliTy Tif 4] 
1800 Pad ee | ae 
4840 Poel fet. bet __] 
1880 de Oe he eee) 
10 ry Tt Thy ht TT 
| im til i [lity TT] 
1920 ae Peps ed ie 2 
41960 TTT] tT yyy hf Ty pa 
2000 r{iy city! ffi 
2040 ry yy Tit y ffl __ 
2080 ri} i {t{{{_{ {fj} 
2120 TTT y Tiit Jf] P| 
2160 Reh ee ee 
rity FT tyy Ty in| 
12 rity) UT UT @ ee 
I > i BER eee eee 
2240 Tritt TTT hh | 
2280 ri yy Tt tT UT TY =a 
2320 et FE | 
2360 rity [riy [ii [ [Tv Ty [TTT] 
2400 PTT TT a a 
2440 Cy et pe ae Ae i ee ace EE ei 
2480 rity dh hUT TT Cf | | 
2520 aa aan a | | 
1 rity y [ily [Try Tritt JT ret 
1 iH til tii t Titi Tirtl [Tir Trid Trt ty TUT yt ] 
14 PEE Ta TT TT oT TELE 17 
| im |_| tr TTT Triiy Titi Tritt Trl Tritt Trt hy 1 
16> 23. 
CP— OE 


Fuse number = First fuse number + Increment 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-283 


TIBPAL20R6-15CNL 
TIBPAL20R6-25CNL 
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS 


SRPS023 ~ D3095, JANUARY 1988 —- REVISED AUGUST 19 


CLK : > 
Increment 
0 4 8 12 16 20 24 28 32 36 39 
| z > ae Gl eee < 
First Fuse 
Numbers 
ae A SS 
SHES SRS | 
|_| |_| tj So 


logic diagram (positive logic) 





am 
ee i 

14, ; || a 
| {| Re FS FF US Hs BSB 


l > SE I 0 ee 


Fuse number = First fuse number + Increment. 
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logic diagram (positive logic) 













CLK : & 
Increment 
ie ae 
0 4 8 12 16 20 
2 
=e TTT 
First Fuse 
Numbers 
a Tset{i Tt Titty T_T y ttl 
80 aed be pede Pe ep ee eb pr One] 
120 itty] fy tt Tt tt fe 
160 See Seas 





Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, Vaca (See Note 1) = ci iicce cae hohe be Sieewnleawe ceed eben Wa eee haeee seleeey oe 7V 
Input voltage (see Note 1) ....... Peer ee eee ere Te eee err ee eee eee en ees 5.5V 
Voltage applied to disabled output (see Note 1) .............6. iiiasdecseausawes Guns eeew ees §.5 V 
Operating free-air temperature range ......... cece e cece cece eee c ence eeseeeeeeeeseeeeees 0°C to 76°C 
storage temperature range. ~2s cussed ices bane cadawe elem bes Veawee eet ew dann teae —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 






4758 625] 4765S. 

Vin Highevel nputwotage SCS SC] 
Vi, Lowsevelinputvottage —SSSSSCSCSCSCSCSCSSSSSCS~—BYSSCSCSC~—C 
[OH Hlghrevel output curren 8 
lol Lovelevel output current ne 
toast Chk requenoy eS 
tS 
[tsu! __Setuptime, input orfeedbackbeforeclockt =| 25 | Ss 
th Hold time, input or feedback after clockT i i ee 
0.25 


T folocks tw. tsu» and th do not apply for TIBPAL20L8’, 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 









IK Voc = 4.75 V, =-18mA 0.8 -1.5 
Voc =4.75V, ion =—3.2 mA 





Voo=475V io = 24 mA os 05; Vv 










| O.Qoutpuis | 25.25, Vo=27V 
ee] veers vomzrv | a] 
0, @ ouput 

}0,Qoutputs | 5.25 V : 

V0 ports = dade 

i SSS*d CV = 28, CE BV 

Voc = 5.25, Wj=2.7V 

Voc = 5.25 V, Vi=0.4V 

loss Voc = 5.25 V, Vo =0 -30  -70 -130 
Voc = 5.25 V, Vv, =0, 








switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
PARAMETER FROM TO TEST CONDITION MIN Typt max] UNIT 
(INPUT) (OUTPUT) 
ae 
45 


q With feedback 40 
fmax : 
Without feedback 
2 16| 7 
8 12 


a ee aoe 
a 


















Ri = 200 Q, 
R2 = 390 Q, 
See Figure 2 






T All typical values are at Voc = 5 V, Ta = 25°C. 
For I/O ports, the parameters Ij} and lj, include the off-state output current. 
$ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


a Fett WuithNeGDEOKO. xi ee a 1 , 


tou + tog (CLK to Q)’ fmax(without feedback) = tw high + ty low 


fmax does not apply for TIBPAL20L8’ 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT | 






Vik —sssi(“asdLs Vg = 4.75 V, l}=—-18mA -0.8 Lo 
oH __———S=*d;CSC«So = 475, lO =-3.2 mA 






a Voo = 475V, iol = 24 mA a3 a 


sinner 
aa Voc = 5.25 V, Vo =2.7V 
0 [VO ports 
O, Q outputs 
. [O,Qoutputs | ye opy, a 
1/0 ports ve aan 


Vege SoS 
nt Voo = 5.25, We 2.7 V ee) an 
~———— Yoo = 626, Vj} = 0.4 V p02 | mA _| 
a 


veces 5. 35 v. TER 0, mA 
Outputs open, OE at VipH | 


Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 














OQ 





With feedback 


Without feedback 
, we 0, /0 R1 = 200, 


R2 = 390 Q, 


[dC Sco Figure 2 


0, 1/0 
O, VO 


Tal typical values are at ee 5 V, Ta = 25°C. 
For I/O ports, the parameters 1|)}4 and |)_ include the off-state output current. 
§ Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


Teil eodback 2 eee a 1 





toy + t od (CLK to Q) ' fmax(without feedback) = tw high + ty low 


fmax does not apply for TIBPAL20L8’ 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 2) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vj, raise Pin 16 to Vip. 

Step 2. Apply either Vi, or Vi4 to the output corresponding to the register to be preloaded. 

Step 3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 16 to Vj,. Preload can be verified by observing the 
voltage level at the output pin. 





VIL 
b@— tg le tw aad | 
| Oey ae alg ee ee VIH 
Pin1 | | 
| | ) VIL 
| | | 
| oT. VI | VOH 
——— VIL VOL 


Figure 1. Preload Waveforms 
NOTE 2: tq = tgy = th = 100 ns to 1000 ns Vipyy = 10.25 V to 10.75 v 
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PARAMETER MEASUREMENT INFORMATION 








5V 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
aS 36 ¥ 
High-Level 
Timing “oy Pulse 15V 15V 
Input 1.5V | [ 0.3V 
|} —- — — — — 0.3 V \e—— ty ——di 
teu pl th | 
—-—-— 35V 3.5 V 
Data | N 
input 15V 1.5V apis 15V 1.5V 
0.3 V ———-— O.3V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5 V 
Control : 
(low-level 
Input enabling) eoceteon ay 
In-Phase =3.3V 
Output Waveform 1 Vo. 10.5 V 
$1 Closed Oe, Dee tas 
1— P— ta (see Note B) — — VoL 
tpd —e— i” | tae oe 
Out-of-Phase | eg ee oo ten Pi = [pee 
Output : : sie pl 2 | a. Y -* OH 
see Note D ae ae ee pon 
( ) OL (see Note B) 1.5 V VoH -0.5 V 
VOLTAGE WAVEFORMS 0 i ee =OV 
PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. Cy includes probe and jig capacitance and is 50 pF for tod and ten, 5 pF for tgjs. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 


mogd 


. Equivalent loads may be used for testing. 


. All input pulses have the following characteristics: PRR < 1 MHz, t; and t¢ < 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 


Figure 2. Load Circuit and Voltage Waveforms 
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C SUFFIX... NT PACKAGE 

M SUFFIX... JT PACKAGE 

© Choice of Operating Speeds (TOP VIEW) 
TIBPAL22V10AC...25 ns Max 
TIBPAL22V10AM. . . 30 ns Max 
TIBPAL22V10C...35 ns Max 


@ Increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


@ Second-Generation PLD Architecture 


@ Increased Product Terms — Average of 12 
Per Output 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 





®@ Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control SOL ce a eae 


@ TTL-Level Preload for Improved Testability (TOP VIEW) 


@ Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


@ Dependable Texas Instruments Quality and 
Reliability 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 


and Ceramic DIPs Nc me No internal connection 
Pin assignments in operating mode 





@ Functionally Equivalent to AMDs 
AMPAL22V10 and AMPAL22V10A 


description 


The TIBPAL22V10 and TIBPAL22V10A are programmable array logic devices featuring high speed and 
functional equivalency when compared to presently available devices. They are implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring the new concept “Programmable Output Logic Macrocell”. 
These IMPACT™ circuits combine the latest Advanced Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. i 
Product conform to specifications per the terms of Texes Instruments wy | Copyright © 1992, Texas Instruments Incorporated 


standard warranty. Production processing does not necessarily include TEXAS 
INSTRUMENTS 
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description (continued) 


Further advantages can be seen in the introduction of variable product term distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


Circuit design is enhanced by the addition of asynchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. — 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10 and TIBPAL22V10A offer quick design and development of custom LSI functions with 
complexities of 500 to 800 equivalent gates. Since each of the ten output pins may be individually configured 
as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs and a single output or 
down to 12 inputs and 10 outputs are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10C and TIBPAL22V10AC are characterized for operation from O°C to 75°C. The 
TIBPAL22V10AM is characterized for operation over the full military temperature range of -55°C to125°C. 
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functional block diagram (positive logic) 


3 - 





Output 
one : a i of /0/Q 
el croce 

eee bt 

cu f+ Te 
tHe he 

{+N Te 
tT Haft 

{+N TE 
fee be 

{+N Te 
rape b= 

| {+N TE 
feb be 

{+N TE 
se He b= 

tN TE 
feb be 

et A He f° 
/0/Q 

LL Hes 


\ denotes fused inputs 
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Asynchronous Reset 
(to all registers) 


g g g g 
8 8 8 S 
£ S rs 2 


a ee 
>. VO0/Q 
P5814 cP 
R=5815 
Macro- 
cell 


ae 
is ue = suey yf aif UO tf MTT — j == 


\/ 
aaaeaaa ili aaasaaaesaananaan 
EE i isi LI AGURRERD TT TTT nnn 





increments 


) 
AB g 2 
& 
“ ° t 


ao ! 


logic symbol (positive logic) 
cLKie—D 
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Synchronous Set 
(to all registers) 


13 
i 


V/0/Q 
6 
: VO/Q 


= 





inom 
—B- 
—f 
=m” 
+ 
=: 
4 
4 
4 
4 
> 





rT iT Te Ee ee Ty tT serene UL ere UL tht 
REAR rT FT TT TTT TTT eth UE cThUT TL TUT TET Tey hPL] hUTUT TT | 
SERRE Yr fT Tite yee egy th UE TT TTT Th UT UE ET GY as 
TELE TTL LL ‘228 
SREB RRREREER rt UT EP TTT eT Te Ty || a ear ae o 
SERRE RRREERRSEE Pr 7} TTT gg Ty of fr} f | | | ” 
BRERA RRR Ree i] of i] FT TT eT eT {fy | yt | | eee 2 
ELLE EEE EEE 5 
ri TT ETT ET eT eT eT ee yh hE TE hu TT TT ET TEE TTT yh UT hE TE TUT ETT ET fe ry OUT FELT TUT TTT Th hu UTEP TET TT hu Th fT CT D 
TTT LITT irTit icity th UT TT TET ET ht h6UT Ld tlhUhUT TUTTLE TT dh hE h UT TTT TUE ET CO, COUT EEE ET TT UE ECT CT —— 
RERSTERERRERREE Ee CREE EERE RARER RRs TERE ® 
PELE EEE EEE o 
BRED ERR PERRO EERE S 
TTT Lit TTT Erie ite ie Fy UE ET TT TTT ET th h6UTdEh CUT TP PETE ET ET Th )hUT ET TTT TT dh Th CUE TT TUTE ET TT UT UT OT CE o 
RRR RRR PERE ee = 
LEE EEE EEE EEE a 
SESS EERE REPRE ERE REET REE REEEREe eee = 
rT iT LTT Ti City it ii Fh UT TET TET TET TT hu ,hUT TEE TET ET TTT UT dT h UT TTT TT Th UT UT TE TT OUT CT? fg 
TTT TTT PT Tee eT eT Te th hUTLTh ChCP GT TTT TT TP Tet Eh Uhh TUT TTT TET TT Th UT TlhChUT EET TT eT Th UL Th EE ETT TTT Ua TT ae 
ETT LE EEE © 
RESRRRRERR EERE OMREREERRSRERRR RRRREeRReeee £ 
PTT Te TTT ETE ET Te hh hE ETT TTT TT tT tT tlh hl] UT TET TTT TT TT Th hf | hh hE TET TET TTT UTC UP TUT ETE TUT UTC UT CUT OD 
SESE RERRREEE REP SPEAR ERE RRR & 
EEE ETT EEE EE ° 
RRR RRR ERR ee PER eRe w” 
TTT LTT LT TTT Ti tet itt h6oT hd FlhUhUT TL TTT TTT eT Tre hhh ht Ld TlhLhUE TT TT TT EP eT ET hE dh TTT TTT hth UT ThUT TUTTE Th UL CE OT 2 
Trt iT LiLTiIfTirlircifrify Tf yh hUF TLL LTT TT Tt hth hUdTLdElhUT LT TUT TT TdT Th hth CUT TTT TTT UT Uh ECT TT CO TF OE > 
PT 
TTT it TTT Ti ttre ey iy]. hE hrFhUhUPU TTT TE ET EET Th UT Ld TlhUE ThE TET ET TT Th hUELThUE TT UE eT TT Th UC ELUhUTUTUEC TT TL UT UTC — 
SERRE REPRE RRR RRR RRR Ree ra & 
rE Ty TTT eT eT ET eT eh hUT Ld ThChUE ET TET ELT TET Tt) UT FhChUT TL ET TTT TTT TT yh UT T)hUT ThE TT TT TTT Th Ut] UE TT TEE ETT TT UE TT UT OT e © 
ETE EE EEE To EL Bs 
ri TT EFT Te Teer ey th hUELThUT LE ET TPF ET TTT Th h6uT Fh ELT ET EE TTT ET ThE hE TTT ET TTT hh UThUTULE ET TTT TT TT © 2 
TFT TT Ty iT ei ett TT Tey) hUdTdFl hPL TUTTLE TT EET TT hUETThUTThdThGLULE TLE TT LT TTTTrdThUdEdEhUT TT UTIL TT ith hUE TCU ET UT TUT OUP FC Oo 
rT TPT ETT TTT ete eT eh hUTlLdTlh UE TT ETT ET ET TG ThE dEhUhUT TUT TELE TT TT thE] hh h6hT TTT TTT eT Th UEC Th UT TU TEE EC TT Ut £ De 
PEELE EEE EE EEE EEE EEE EEE EEE + 2 
rT TT iy Ti rT Titi ret i tT oF TlhUT TdT TTT Thy yh hUdTLdTlhUDT TL TLE TUT TUTTI rth hUdTd Th UT ET EEE TT ETT Th UTLTlhUT TUE TUT ETT UE TT CTC o ae 
TTT TTT TT Titi etitth hUTLdT mh hUThTLdThdT hE TT TTT h6dTLdThUdTThrT TUTE TT LTT Terr hUE Ld ThE TTT tT TT hth OUT Th CUE ET TUT TT CU OT CT Or 
rT TT TTF TirTiiiCrtifti Tt UTC TT TT Ti tTiritdeh 6 dE LUT TELE CLL ET TET hUEChUT GT TUTE TT TT ch UEC] hE ET TTT Tr UT CTT Ee © 
TEE a = 
TET TTT TTT eT tire ri th hf dy hPL TTT TTT Tehri yh h6uTdelhUT Th ThE TE TTT LE cht h UT Ld ThUdT ThE Te TT Tere UT Th UT TET TT UL CUT CT oO 
PTT TTT PET TTT eT Th UT Th UE TE ET TTT PT ETT Th h6UT | hE TT EET Tee yh hE; hu ETT TTT eT th UU Eh UT EEL UL TTT TT UT LT hE # ii 
rT yee Pee eT eT TT Th ht th UT EET ET TT ET th he Thu TP TTT TT TTT TT hE fh hu TT TTT Teg UT CUE TET ET ECT UOT CU 2QO 
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output logic macrocell diagram 


s 6) 
e 
@ 

From Clock Buffer 


IO 





AR = asynchronous reset 
SS = synchronous set 
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> La 
; ) > s ) > 
. e 
@ e 
; - f 
Py s1=0 HP $1=0 
<j $0 =0 @ $0 = 1 
C) ( ) 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT /O FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
si so FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
/O feedback Combinational | Active low 
1 1 \/O feedback Combinational | Active high 
0 = unbiown fuse, 1 = blown fuse 


$1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 



























0 0 
0 1 
1 0 











Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 1) «0... sce cece eee eee erences eee i wiee haesead pee tiare Hee ue 7V 
INDUtVOlaGe (S6G NOG ))* esiiccca ede G6 Sede ee epee tuteee Galen id cara sae awa ooo Gulene es -5.5 V 
Voltage range applied to disabled output (See Note 1) 2... cece eee ee eee e eee n ene eeeeeeees 5.5V 
Operating free-air temperature r€Nnge ...... cece cece ccc eect rennet esac eeeeeeneenee 0°C to 75°C 
OlOlade TEM PSrAtUleTANGS: -Giwiwintsr sca oreie cue tis vase ones eewe rae et ees —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


TIBPAL22V10C TIBPAL22V10AC 
[MIN NOM MAX| MIN NOM MAX] UNIT 











2 B5| 2 5 
Vi, Lowsevelinputvolage———SSCSCS~C~—CSCSCSCSSSSC 
Tot High-level outputourent———SSSCSCS~—CSCSCSCSS C8 
To, Low-level output ourent SSS 








rene cerry aa a 
pinput —“‘i*d:sC 
Asynchronousresetlow (inactive) | 95 = | 2  — | 

ee DN BEE 


t | oe : = — 
folock (with feedback) teu + tpq(OLK to Q) » Iolock (without feedback) tallow) > tathigh) 
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electrical characteristics over recommended operating free-air temperature range 


TIBPAL22V10C TIBPAL22V10AC 
PARAMETER TEST CONDITIONS MIN. TYPT MAX| MIN TYP MAX UNIT 











C MIN TYPT MAX, 
Voo=475V, Ioy=-32mA 2435 _-| 24 35 
Wor | Voc =475V, lor=tema—SSCSC~iCSC‘“‘é SCC“ CC OY 
flozH +d Voo=825V, Vo=27V [Sm _| 
| 






pC 
Tee ee ee er 
i S*d ee, ney OY 
ig | Vo 5.25, Wa27v C(t CA 
fi, | Voo=825v, viz0avS—S~dCSCSCSCS~ OB 028 
los’ | Voo=25v, vo-05v—~—=S~dtCSCS*~ 0d M8 SS~C Oma 


IK 

OH 

OL 
IL 
IL. 
cc 


Voo=525V, Vi= GND, 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


Outputs open 120 180 120 


























FROM TO 
PARAMETER TEST CONDITIONS UNIT 
| max” | With feedback a = ce 
[pa TO C*dY:Ct 8000, «9 [BO a a 
[paves [a ~*dtCi2 = 20000, i640 1630] me 
[tea KT *d:CCSee Figures «= [710.5] SSCS 
a) 1 
a a is 25] me 


T all typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


, fmax (without feedback) = 1 


1 ¢ ith feedback) = ————_—__-__- tw (lov 
max (with feedback) tsu + toq(CLK to Q) tw(low) + tw(high) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) .......--.2.005- sine Bad Waa dtreaes ae ew ee ea eh eee 7V 
input Voltage (S66 NOIG:1): -aiccctespeew steele oeelyecndebieete testcase seek awe pee tea edt -5.5V 
Voltage range applied to disabled output (See Note 1) 0... cece cee eee te cee cence enone 5.5 V 
Operating free-air temperature range ..sii bei vad eee ganas We oN ee kbGS hie ees aeons ate —55°C to 125°C 
Storage temperature TANOe- wedrwsidesece si ainteaereate et ces eeeedwanawie deeded —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 
et a et ig caine 
lOH 
lOL 











High-level output current 
Low-level output current 










tw Pulse duration 
| Asynchronous reset high or low 
input SC«*dSC«é 
25 
25 
[Asynchronous resetiow (nacive) | 90 
[th _Holdiime, input sat orfecdbackaftercooe’ ——SCSC~—“~*~*s*‘“‘“‘~*é‘iSC‘i ™*SSCSCS 


t | ements Waren | ee: Lee 
folock (with feedback) eH tpq(OLK fo Q) » folock (without feedback) tow Ean 








tey Setup time before clockT 
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electrical characteristics over recommended operating free-air temperature range 
















Wk Sid Wega, entemaASOSOSOSC—SSOSSCSCNSCSCS 
lozH | Veo =85V, Vee tm 
How, og =85V, Vo=04V 100A 
id og 8, ins 
iH dL “Vo = 55, VWi=27V ee 
fi Vo = 58, iam 
lost oe =55V, Vo=05V 80-90 
Veo = 5.5 V, Vj = GND, Outputs open 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYPT MAX| UNIT 


| MHz | 
10 ns 
__ns | 
| ns | 
[ns 
[ns 







R1 = 390 Q, 
R2 = 750 Q, 
' See Figure 4 


© 


(Sea | Ca (RI 


w@ 


(WO trese) | a —SC—~*™ 


10 
15 
15 





TAN typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


q i = eee ee i = ee eee 
fax (with feeciacn) = 3 ipg(OLk to G) ’ Imax {without feedback) = thigh) 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 


tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: - 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 13 to Viyp. 


Step 2. Apply either Vj, or Vip to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to V; . Preload can be verified by observing the voltage level 





at the output pin. 
VIHH 
Pin 13 
VIL. 
Vin 
Pin 1 
VIL 
| | | | 
| I VIH | VOH 
pose || i VoL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 


accordingly. 
3. ty =tsy = ty = 100 ns to 1000 ns. Vip = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Vcc ey 5V 
| 
le tq t 


| (600 ns typ, 1000 ns MAX) l 


a ee VoH 
Active High 
Registered Output State Unknown 1.5V 
VOL 
. | ' 
Active Low OH 
Registered Output State Unknown 1.5V 
i ee a VOL 
It— toy $ + 
| | Vin 
CLK 1.5V 1.5V 
Sere VL 
Siena eee 


| | 
T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 


This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized T1 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 






‘| 
81 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
: Ca (3.59) [8 V] 
Timing @5v)[sv “High Level 15V 15V 
Input 1.5V | { (0.3 V) [0] 
+ ————— (0.3 V) [0] k¢— ty —?l 
teu IF th | 
+—-—-—- (3.5V—[3V (3.5 V) [3 V] 
pail 1.5V 1.5V tow Lovet 15V 15V 
(0.3 V) [0] fF. -—-— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
| Ouipil (3.5 V) [3 V] 
Scrat ae, Basle ec (3.5 V) [3 V] Control 1.5V 
Input 1.5V 1.5V (low-level | [| 
| | (0.3 V) [0] ee Kael ae =e 
n- - 
| | tdis P| /- 
In-Phase . | 
Output | 
| 


pie eee LI tees 33.3 V 
Waveform 1 1.5V Vo, +0.5 V 
S1 Closed : | | __¥ ot 
(see Note B) fas 





| | VOH 
Out-of-Phase 
Output 1.5V 1.5V Waveform 2 
(see Note D) ——— Vo. $1 Open 
(see Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis. 

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (). PRR < 1 MHz, 
tp = tts 2 ns, duty cycle = 50%. For M suffix, use the voltage levels indicated in brackets []. PRR < 10 MHz, t, and tf < 2 ns, 
duty cycle = 50%. 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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@ High-Performance Operation: FN PACKAGE 
fmax (External Feedback) ... 111 MHz (TOP VIEW) 
Propagation Delay...5 ns Max 


@ Increased Logic Power — Up to 22 Inputs 
and 10 Outputs | 


@ Increased Product Terms — Average of 12 
Per Output 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 


@ Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 





@ Power-Up Clear on Registered Outputs 
@ TTL-Level Preload for Improved Testability 


e Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


® Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-in Test Features 


@ JEDEC Approved Revolutionary Power and 
Ground Pinout for 28-Pin Chip Carrier 
Reduces Cross Talk and Ground Bounce 


@® JEDEC File Compatibility Allows Previous 
*22V10 Designs to be Programmed Into the 
TIBPAL22V10-5C Without Modifications 


description 


The TIBPAL22V10-5C is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. The TIBPAL22V10-5C is implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring programmable output logic macrocells. These 
IMPACT-XL™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


This device contains up to 22 inputs and 10 outputs. It incorporates the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-XL is a trademark of Texas Instruments Incorporated. 


a phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 


PRODUCT PREVIEW information concems products in the formative or ay Copyright © 1992, Texas Instruments Incorporated 
change or discontinue these products without notice. 
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description (continued) 


2-306 


Circuit design is enhanced by the addition of asynchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-5C offers quick design and development of custom LS! functions with complexities of 500 to 800 
equivalent gates. Since each ofthe ten output pins may be individually configured as inputs on either a temporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will verify as open. 


The TIBPAL22V10-5G is characterized for operation from 0°G to 75°C. 
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functional block diagram (positive logic) 
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} 4 
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yg 
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VO/Q 
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Sd , 
Z| 4 
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ae 
ZL ra 


VO/Q 
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ye he , 
Z) rd 


VO/Q 
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denotes fused inputs 
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output logic macrocell diagram 


- Output Logic Macrocell 


CN en “I 





From Clock Buffer 


i 


AR = asynchronous reset 
SS = synchronous set — 
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Ps > 
¢ 6) |) > 
e 
e 
- 
P| St=0 Pp] s1=0 
@ $0=0 i $0 =1 
O @ 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





/O FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT 1/0 FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
I/O feedback Combinational | Active low 
/O feedback Combinational | Active high 


0 = unblown fuse, 1 = blown fuse 
$1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 



























Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (SC@ NOE 1) 2. cece e cece reece tenn eee ee nee ee eee eee eeeneeees 7V 
Input voltage range (See Note 1) 20... . cc cence cece neces en neeeseseseons rer —1.2 V to Voc +0.5 V 
Voltage range applied to disabled output (See Note 1)... . eee eee cece eee teenies —0.5 V to Voc +0.5 V 
Operating free-air temperature range ....... cece eee eee eee eee MOTI T ete rer ere ree 0°C to 75°C 
Slorage temperatule tance: hess iuce let aay eoxeeea da wisp ienmectwen tas leer —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 
ee ee a ter en te EN, 


Clock high or low 
ty: Pulse duration ; 
Asynchronous reset high or low 


Tint SSSC~*dSC 
Feedback —SSSSSid 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 











4.75 5.25 
2 5.5{  V 















tsu Setup time before clockT 


Bia oo 

ro) OL apn| ao 
§ 
~ oo 
a ho 
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electrical characteristics over recommended operating free-air temperature range 


Vor 
VOL 035 08 






loz Voc = 5.25 V, Vo =0.4V 
SV = 828 Wis 55V eae AE 






IH Voc = 5.25 V, Vj=27V 
CLK 

| V = 5.25 V, Vi=0.4V mA 

All others id ! : ao ma | 









Voo= 525V, Vi = GND, Suipuls open 
aes 
Cj f=1 MHz, Vj=2V 


Vo=2V 









f= 1 MHz, 


T All typical values are at Voc = 5 V, Ta = 25°C. 
I/O leakage is the worst case of I97,_ and Ij, or IoZ}H and |jH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION 


Without feedback 
fay! With internal feedback (counter configuration) 


With external feedback 
iW 















Ri = 300 Q, 





pa ree CS~*dtCti‘ér BHO, 
pg Kd Se Figure 


LK 






T fmax (without feedback) = 


twllow) + tw(high) 
1 
tsu + tpg(CLK to feedback) 


1 
tsu + tog(CLK to Q) 


* This parameter is calculated from the measured fmax with internal feedback In the counter configuration. 


fmax (with internal feedback) = 


fmax (with external feedback) = 
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preload procedure for registered outputs (see Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each registeris prooaced individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Vj,, raise pin 14 to Vjyp. 

Step 2. Apply either Vj, or Vj} to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 14 to Vj. Preload can be verified by observing the voltage level 








at the output pin. 
: VIHH 
Pin 14 . 
. VIL 
—> 
VIH 
Pin 1 
VIL 
| | | | 
l T~ 7 VI | VOH 
ora ore VOL 
Figure 2. Preload Waveforms 
NOTE 3: tq=tgy = ty = 100 ns to 1000 ns. Vip = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Voc ee 5V 
| 
ieee Soe 


| (600 ns typ, 1000 ns MAX) ) 


| | 
ee re VoH 
Active High 


VOL 
| V 
Active Low OH 
Registered Output State Unknown 1.5V 
er VoL 
tK— teu # + 
| | Vin 
CLK 1.5V 1.5V 
Ni 
! ~ | 


t This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 





7 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3v a ae am VV 
Timin High-Level 
bnpu 1.5V Pulse 15V 15V 
A reg eee 0 | | 0 
teu it th i ate 
Data | Sa Aa | | 3V 
input 1.5V ik Low-Level 1.5V 15V 
0 Pulse 
(see Note B) | aay ee 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3V 
Output 
0 Control 
(low-level 7 
enabling) ote pa ne 
—— Von ten + je | (see Note B) 


| tds ie 


VoL : _— — 3 = 2.5V 
Waveform 1 " 15V | es VoL t+0.5V 
$1 Closed | ae ‘ 
| l Vou (see Note C) % — You 
Out-of-Phase 1.5V 1.5V | tyis Pi it 
Output ten Pi ie ly 
——— Vou 





(see Note D) —— = VoL 







Waveform 2 iS. 
VOLTAGE WAVEFORMS Been Petipa , aa Von -0.5V 
PROPAGATION DELAY TIMES : aes etn tN 20V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. CO, includes probe and jig capacitance and is 50 pF for tod and ten, 5 pF for tgs. 

. All input pulses have the following characteristics: PRR < 1 MHz, ty = t¢ = 2 ns, duty cycle = 50%. 

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


. Equivalent loads may be used for testing. 


mo Oow> 


Figure 4. Load Circuit and Voltage Waveforms 
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C SUFFIX... NT PACKAGE 
M SUFFIX... JT PACKAGE 
(TOP VIEW) 


® Second-Generation PLD Architecture 


@ High-Performance Operation: 
fmax (External Feedback) 
TIBPAL22V10-7C .. . 80 MHz Min 
TIBPAL22V10-10M... 71 MHz Min 
Propagation Delay 
TIBPAL22V10-7C ... 7.5 ns Max 
TIBPAL22V10-10M ... 10 ns Max 


@ Increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


@ Increased Product Terms — Average of 12 
Per Output 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 





C SUFFIX ... FN PACKAGE 

® Each Output Is User Programmable for M SUFFIX... FK PACKAGE 
Registered or Combinational Operation, (TOP VIEW) 
Polarity, and Output Enable Control 


@ Power-Up Clear on Registered Outputs 
@ TTL-Level Preload for Improved Testability 


@ Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 





@ Package Options Include Both Plastic and NC — No internal connection 
Ceramic Chip Carriers in Addition to Plastic pilvaeelgnments lope aung moe 
and Ceramic DIPs 


description 


The TIBPAL22V10-7C and TIBPAL22V 10-10M are programmable array logic devices featuring high speed and 
functional equivalency when compared to presently available devices. They are implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring programmable output logic macrocells. These IMPACT-X™ 
circuits combine the latest Advanced Low-Power Schottky technology with proven titanium-tungsten fuses to 
provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 


‘A information current as of publication date. Products conform to 
speomeatons per the terms of Texee Instruments standerd warranty. 


vere OTHERWISE NOTED this document contains PRODUCTION 4 Copyright © 1992, Texas Instruments Incorporated 
Production processing does not necessarily Include testing of ail | 
perameters. 
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description (continued) | 


Further advantages can beseen in theintroduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


Circuit design is enhanced by the addition of asynchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. | 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V 10’ offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each of the ten output pins may be individually configured as inputs on either atemporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V 10-7C is characterized for operation from 0°C to 75°C. The TIBPAL22V10-10M is characterized 
for operation over the full military temperature range of —55°C to 125°C. 
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functional block diagram (positive logic) 









—CPaEh Eb 
= ai Macrocell Ar ia ‘ 
Hye Ha 
c.K te PN ey 
ge eee ee 
ie eee ee ee 
mg ee ee 
a e—N TE 
mg ee ee a 
~ eee 2 eee Oe 
. Sree He bh 
: be a ~+—n 
ea es 
a, +N Pe 
Sere Hep 
We t+ Pe 
ge ee re ee 
- fe N Pe 


aE He by 


denotes fused inputs 
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Asynchronous Reset 
(to all registers) 


g g g g g 
g 9 Q 9 S 
g S Bi g - 





s B B § 5 
\ 


logic diagram (positive logic) 
CLKI+-+—D 
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FEE EEE EEE EE 
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I > SI RSeaee 


ae ME 


aan : 
saameneene — oo 2 wesley: 
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5720 


10 HEC 


I > a Sleag aaa eae Synchronous Set 


Py | : 
5764 = to all isters 
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I > SSSR ji tt Lf Ty a < I 


Fuse number = First fuse number + Increment 
Inside each MACROCELL the ”P” fuse is the polarity fuse and the ”R” fuse is the register fuse. 
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output logic macrocell diagram 


by Output Logic Macrocell 


fas reer ee 


From Clock Buffer 


< 





AR = asynchronous reset 
SS = synchronous set 
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badd 
- ld 
BPE Bb EF 
ee DO) gta | =» P) stz0 
| S0=1 


s0=0 


REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





1/0 FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
3180 FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
/O feedback Combinational | Active low 
1 I/O feedback Combinational | Active high 
0 = unblown fuse, 1 = blown fuse 


$1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 




























0 
0 
1 






o-- OO 








Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply: voltage; Vcc (See NOI6 1): cscs cenew ns tenets (Ree et eemdeentaeae ees Sesladuaeeae aes 7V 
input volilage range (SEC NOE 1). caccve vere ceemas waren news orenew ewes meme sew ewes —1.2 V to Voc +0.5 V 
Voltage range applied to disabled output (see Note 1)... cece eee eee eee ees -0.5 V to Voo +0.5 V 
Operating free-air temperature range ...... cece cece erence eee nee ee eee eeeeeeeneaes 0°C to 75°C 
Storage temperature r€NGG  .. cece ce eee teeta eee eeene eae ted eau .... ~65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 




































MIN No MAX] UNIT 
Ti, Lowievel input votage (eee Note 2) 
i 
| Clockhighorlow ; 4 | 
fT  ( 
tau ‘Setup te before clock [Synchronous presetlacivey [8 
[Synchronous preset (nective) [8 
[Asynchronous reset (nacive) [6 
th . Hold time, input, set, or feedback after clockT i ee 
= 7 





NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





TEXAS WY 
INSTRUMENTS 


2-324 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TIBPAL22V10-7C 
HIGH-PERFORMANCE /MPACT-X™ PROGRAMMABLE ARRAY LOGIC CIRCUITS 


SRPS014B — D3520, AUGUST 1990 — REVISED SEPTEMBER 1992 





electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 











Voo=475¥, ioL= 18 mA 08s 08 Vv 
liozw? | Voo=825v,Vo=a7vSSSCSC™~—SSSSSCS~S~t mk 
loaf +) Veo =525v,—Vo=oav SSS 
fi Vo = 528, Vi=55V ee 
nF | Vico = 5.25, VWi=2.7V 
Voc = 5.25 V, V| = GND, Outputs open 
f= 1 MHZ, Vi=2V a ees 
f= Mz, Vo=2V ne ee 








Tall typical values are at Voc = 5 V, Ta = 25°C. 
I/O leakage is the worst case of loz, and Ij, or loz} and lip, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
— 


FROM TO TEST 
PARAMETER] = (INPUT) (ourpuT) | _conpirions [Min MAX | MIN MAX. 












int EE ne 
io oe 
[tpg [| VOfresed) [a 
Swi 
| tpg 
ac ae 














R1 = 300 Q, 
R2 = 300 Q, 
See Figure 6 


pe ie I 
1/0, Q 


1/0, Q 


tw(low) + tw(high) 
1 
tsu + tog(CLK to feedback) 
pase le ce 
tgu + tog (CLK to Q) 


# This parameter is calculated from the measured fma, with internal feedback in the counter configuration. 


1 fax (without feedback) = 


fmax (with internal feedback) = 


fmax (with external feedback) = 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SUppIY VolTaGe, VGG- (See: NOG 1): sicis aa cena aeans Ned ene eau eas wee eee ewaeed yeucaues 7V 


Input voltage range (See Note 1) ....... cece cece erecta cece eee neeeeeeneens ee. “1.2 V to Voc +0.5 V 
Voltage range applied to disabled output (see Note 1) ..... Uda ea Nes bea tamuRed —0.5 V to Vac +0.5 V 
Operating free-air temperature range ........ Se oa yatceetn teen wetland vaaeneaee ees —55°C to 125°C 
DtOlage 1OMPSISLUIE TENGE. iiss ican tie iaiee sas ta eee¥ nee avgn ehewenseaes averaee —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 

a a a te 
[Viz___Low-levelinput voltage (see Noted) 

12 


ae Glock high or ow 
tw 6 duration Asynchronous reset high or low 
| 7 | - 




























Feedback 7 . 


Synchronous preset (active) 


Synchronous preset (inactive) a re 





tsy Setup time before clockT 











Asynchronous reset (inactive) 
th Hold time, input, set, or feedback after clockT 
TA Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 














Voo=45¥, [==18 mA 
Voc = 4.5 V, lol=12mA 035 O05] V | 
lox! | Voo=5V,—Vo=z7v———SSCS~—SSCS—~SSSC“‘“CC‘ézdC CT 
ie | Weceony Vi=55V 
ene so ee : 
cms pause | et me 
loss deg, SCO SSSC~—SCS SCH 
Veo =55¥, Vi= GND, Outputs open 
iQ. ie ee ge 
[oo S”StC~*dC=TMHz, —=“‘éC"#SVw2V0~<“s*‘“‘*S*SCS*C‘“‘COCSWSNSCOW#C#C*d 


T All typical values are at Voc = 5 V, Ta = 28°C. 
Fo leakage is the worst case of 92, and Ij, or lozH and |}, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 












avoid test problems caused by test equipment ground degradation. 
switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 
max" 
Ri = 390 0, 
[tpg | SO rosey) TC R2 = 750 0, 
<< See Figure 6 





LK 
ee es 


1 fmax (without feedback) = 


tw(low) + tw(high) 
1 


fmax (with internal feedback) = ta 4 ECL to feedback {pg(OLK to feedback) 


1 


fmax With external feedback is not production tested and is calculated using the equation, fma x (with external feedback) = teu + tpq(OLKto Q) 


# This parameter is calculated from the measured fmax with internal feedback in the counter configuration. 
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preload procedure for registered outputs (see Notes 3 and 4) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire: state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voo at 5 V and pin 1 at Vj, raise pin 13 to Vip. 
Step 2. Apply either Vj, or ViH to the output corresponding to the register to be preloaded. 


Step 3. Pulse pin 1, clocking in preload data. 
Step 4. Remove output voltage, then lower pin 13 to Vit. Preload can be verified by observing the voltage level 


at the output pin. 


Pin 1 





VIL 


a | 
l ct VI | VOH 
——— VIL VOL 


Figure 2. Preload Waveforms 


NOTES: 3. Pin numbers shown are for the JT and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. | 
4. tq=toy = ty = 100 ns to 1000 ns. Vipyp4 = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


a. aia, 5V 
| 
i —— teat ri 


| (600 ns typ, 1000 ns MAX) 


| | 
Sree e eer ee, VoH 
Active High 
Regnier Sup Fn 


VOL 
| 
Active Low VOH 
Registered Output State Unknown 1.5V 
a Cree eh ae et VOL 
tK— toy t a 
| | ViH 
CLK 1.5V 1.5V 
apne Vir: 
| = | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest T] field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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THERMAL INFORMATION 


thermal management of the TIBPAL22V10-7C 


Thermal management of the TIBPAL22V10-7CNT and TIBPAL22V10-7CEFN is necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (T,), and transverse airflow (FPM). Figures 4 (a) and 4 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 5 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C,_ = 50 pF). Since the condition of ten fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 


MINIMUM TRANSVERSE AIR FLOW MINIMUM TRANSVERSE AIR FLOW 
VS vs 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
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(a) TIBPAL22V10-7CNT (b) TIBPAL22V10-7CFN 
Figure 4 
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Pr — Power Dissipation — mW 


THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 
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PARAMETER MEASUREMENT INFORMATION 





‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V —-——— 3V 
Timing High-Level 
Input : 1.5 V Pulse 1.5 V 1.5 Vv 
 — — — — — 0 . | | 0 
teu th ae aad 
See Os Vv 
Data 1.5V Ni 1.5V | | 3V 
np : P ee 15V 1.5V 
(see Note B) aa sites 
see Note 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ( 
SETUP AND HOLD TIMES PULSE DURATIONS 
sa as 3V 3V 
Input 1.5V 1.5V Output 
| | 0 Control 1.5V 
(low-level {| 
t —lq—p gp — tod enabling) Sein 
pd | | | (see Note B) 
tds ie 





—y 
| sa Vou FT Nol 
Out-of-Phase 1.5V 1.5V | tis i@- 
Output ten Pl ie l wv 







fame wma ema V seer 
(see Note D) OL Waveform 2 = You 
VOLTAGE WAVEFORMS ‘és bat pete aaa Von -0.5V 
PROPAGATION DELAY TIMES | 


_ VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C, includes probe and jig capacitance and is 50 pF for tod and ten, 5 pF for tyjs. 

B. All input pulses have the following characteristics: PRR < 1 MHz, ty = tf = 2 ns, duty cycle = 50%. 

C. Waveform 1 is for an output with internal conditions such thatthe outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. When measuring propagation delay times of 3-state outputs, switch S1 is closed. | 


. Equivalent loads may be used for testing. 


mo 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
Vs 
FREE-AIR TEMPERATURE 





Ta —Free- Air Temperature —°C 


Figure 7 


PROPAGATION DELAY TIME 
VS 
FREE-AIR TEMPERATURE 


tpLH (I, VO to O, VO) 
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Ta —Free- Air Temperature — °C 


Figure 9 
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TYPICAL CHARACTERISTICS 


WORST-CASE PROPAGATION DELAY TIME WORST-CASE PROPAGATION DELAY TIME 
vs vs 
NUMBER OF OUTPUTS SWITCHING | NUMBER OF OUTPUTS SWITCHING 
FK AND FN PACKAGES | JT AND NT PACKAGES 
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Figure 13 
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@ Second-Generation PLD Architecture TOL VIEW: 
@ High-Performance Operation: rc" 
fmax (External Feedback)... 71 MHz 


Propagation Delay .. . 10 ns Max 


@ increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


@ Increased Product Terms — Average of 12 
Per Output 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 





@ Each Output Is User Programmable for 
Registered or Combinational Operation, 


Polarity, and Output Enable Control FN PACKAGE 
(TOP VIEW) 


@ Power-Up Clear on Registered Outputs 
@ TTL-Level Preload for Improved Testability 


@ Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


@ Dependable Texas Instruments Quality and 


Reliability 
: : NC — No internal connection 
@ Package Options Include Plastic Pin assignments in operating mode 


Dual-in-Line and Chip Carrier Packages 





description 


The TIBPAL22V10-10C is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept “Programmable Output Logic Macrocell’. These 
IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabied through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 





to specifications per the terms of 
standard warranty. Hoagie processing does not necessarily include 


acento ut Information is current as of publiation a. Re aaa % _ Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V 10-10C offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a temporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
Outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-10C is characterized for operation from 0°C to 75°C. 
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functional block diagram (positive logic) 
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_ Asynchronous Reset 
(to all registers) 


vO/Q 
VO/Q 
VO/Q 
VO/Q 
vO/Q 


23 
22 
21 
20 
19 
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logic diagram (positive logic) 
CLK —-4+—D 
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Inside each MACROCELL the ”P” fuse is the polarity fuse and the ”R” fuse is the register fuse. 


Fuse number 
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output logic macrocell diagram 


= | Output Logic Macrocell 


From Clock Buffer 


I 








AR = asynchronous reset 
SS = synchronous set 
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R | >0 (3 Be. 
e 
p= 7 D> 
@ 
ey » 
18 PD «6-0 Pp] s1=0 
Gi $0 =0 <1 


$so=1 


REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT /O FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
FEEDBACK AND OUTPUT CONFIGURATION 


$1 $0 

Register feedback Registered Active low 
Register feedback Registered Active high 
/O feedback Combinational | Active low 
VO feedback Combinational | Active high 


0 = unblown fuse, 1 = blown fuse 


S1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 



























Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply. voltage; VG (SCe NOte 1) iaaenaaeciees oclmnianv a eeiwawcasewae see udanaadehensaawel aes 7V 
input voltage {see NoOle]): . 2caderiiendscn venwiindsirepeas tit aeas tena s ewes —1.2 V to Voc +0.5 V 
Voltage range applied to disabled output (See Note 1) 21... eee cece eee eee —0.5 V to Voc +0.5 V 
Operating free-air temperature PANGS 2... cece cece cert ee tent e eee e ene neneens 0°C to 75°C 
SiOrage lOMPEAlUIOTANIE ss dewie. bo 4ek bua Gavel sea Seba din 14a kee eee eset anawe ss -—65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


PIN NO MAXON] 
76 626) V_ 
Cw 
Vv 
lOH 
OL _ 














High-level output current -3.2} mA | 
Low-level output current | mA | 


V 
V 
V 
mA 
mA 
Clock high or low 

Pipt dC 

7 
ns 





tw _ Pulse duration 
















Asynchronous reset high or low 
Synchronous preset (active) 
Synchronous preset (inactive) 


Asynchronous reset (inactive) 


teu Setup time before clockT 


th Hold time, input, set, or feedback after clockT 
TA Operating free-air temperature 5 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


b 

ss 

ros] Oo 
on 
~N © io 
ne) on 








¥ 


TEXAS 
INSTRUMENTS 


2-342 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


TIBPAL22V10-10C 
HIGH-PERFORMANCE /MPACT-X™ PROGRAMMABLE ARRAY LOGIC CIRCUITS 


SRPS015 — D3972, FEBRUARY 1992 





electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX/ UNIT 


VIK Voc = 4.75 V, l}=-18mMA 


Voc = 4.75 V, lol = 16 mA 


Voc = 5.25 V, Vo=2.7V 
Voc = 5.25 V, Vo =0.4V 


Voc = 5.25 V, VI = 5.5 V 
Voc = 5.25 V, Vj=2.7V 


Voc = 5.25 V, Vj =0.4V 


f= 1 MHz, Vip=a2V 
j= iwi, You2v 


T All typical values are at Voc = 5 V, Ta = 25°C. 

F/O leakage is the worst case of loz) and |, or IQZH and |jH, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 











Without feedback 
faa! With internal feedback (counter configuration) 
With external feedback 


















oe Rt = 3000, 
ba ores S~*dtCtCti«éR=B00CQ, 





Si a | RL 


Tl tmay (without feedback) = ——___! 
max ( Bear or a7 Sree RT TA 


1 
tgy + tog(CLK to feedback) 
aes Se 
tsu + tog(CLK to Q) 


# This parameter is calculated from the measured fma x with internal feedback in the counter configuration. 


See Figure 6 


fmax (with internal feedback) = 


fmax (with external feedback) = 
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preload procedure for registered outputs (see Notes 3 and 4) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 13 to Vir. 
Step 2. Apply either Vi, or Vj4 to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to Vj. Preload can be verified by observing the voltage level 





at the output pin. 
, VIHH 
Pin 13 
| VIL 
| "SIE ae Sac asa ViH 
Pin 1 
, ) VIL 
| | | | 
| 77 Vin | VOH 
men Me VOL 


Figure 2. Preload Waveforms 


NOTES: 3. Pin numbers shown are for the NT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 


2-344 


4. td=tey = ty = 100 ns to 1000 ns. Vjpy.y = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


ny SV 
| 
an, Sree 


| 
| (600 ns typ, 1000 ns MAX) l 


vt —— Vou 
Active High 
Registered Output State Unknown 1.5V 


VOL 
] 
Active Low VOH 
Registered Output State Unknown 1.5V 

$1 SN eee VOL 

+ ty + aaa 
| VIP 

CLK 1.5V 1.5V 

jase 

vos tw 


T This is the power-up reset time and applies to registered Sutpue only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized T! 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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THERMAL INFORMATION 


thermal management of the TIBPAL22V10-10C 


Thermal management of the TIBPAL22V10-10CNT and TIBPAL22V 10-1 OCFNis necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (Ta), and transverse airflow (FPM). Figures 4 (a) and 4 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 5 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C,_ = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 


MINIMUM TRANSVERSE AIR FLOW MINIMUM TRANSVERSE AIR FLOW 
vs vs 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


600 













= z 500 
I ! 
Es & 400 
i i 
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eg @ 300 
z S 
3 e 
E E 200 
wee 
£ — 100 
" ; aa 
0 
0 10 20 30 40 50 60 70 80 
Ta ~ Ambient a -°C Ta — Ambient Temperature — °C 
(a) TIBPAL22V10-10CNT (b) TIBPAL22V10-10CFN 
Figure 4 
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P D — Power Dissipation — mW 
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THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 


Voc =5V 
Ta = 25 °C 
Cy = 50 pF 


10 Outputs Switching 


2 4 10 20 40 100 200 
f —- Frequency — MHz 


Figure 5 
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PARAMETER MEASUREMENT INFORMATION 





‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V ——— = OV 
Timing High-Level 
ON ee cain das 0 | | 0 
tue th aan aaa 
| Go fay 
Data 1.5V 1.5V | | 3V 
Input . ' Low-Level 15V 15V 
0 Pulse ; 
(see Note B) pg ae Oo 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3V 
Output 
0 Control ‘ 
(low-level At 
enabling) 4) ! a SO) ee 
—— Von ten je-~ tas (see Note B) 
1.5V 
VoL 





4 
: —_-—_ — a — =2.7V 
Waveform 1 \ 15V | é > VoL +0.5 V 
$1 Closed | —— 
| VoH (see Note C) me 
Out-of-Phase 1.5V : 1.5V | tus ¢- 
Output ten Pl je | 







scooter see MOL Waveform 2 -¥—- Vou 
VOLTAGE WAVEFORMS ve eee ptigh ied Von -0.5V 
PROPAGATION DELAY TIMES ON merrell oe oe oe eS =sO0V 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C, includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tyjg. 


A 

B. All input pulses have the following characteristics: PRR < 1 MHz, t; = t¢ = 2 ns, duty cycle = 50%. 

C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE- AIR TEMPERATURE SUPPLY VOLTAGE 
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Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 


POWER DISSIPATION 


PROPAGATION DELAY TIME vs 
vs FREQUENCY 
NUMBER OF OUTPUTS SWITCHING 10-BIT COUNTER MODE 


1200 





43 Ti | HIM 
Wi 

Z { 

At 


1150 





1100 












Pr — Power Dissipation — mW 


oe 


Propagation Delay Time — ns 


4 = tpiy (I, I/O to O, 1/0) 
4 = tpHL (1; VO to 0, 1/0) 
= tPLH (CLK to Q) 
= tpHL (CLK to Q) 





1 2 3 4 § 6 67 6 7 10 
Number of Outputs Switching f — Frequency — MHz 


Figure 11 Figure 12 
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® Second-Generation PLD Architecture TOP VIEW). 
@ High-Performance Operation: 
fmax (External Feedback) ... 40 MHz 


Propagation Delay... 15 ns Max 


@ increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


@ Increased Product Terms — Average of 12 
per Output 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 





@ Each Output Is User Programmable for 
Registered or Combinational Operation, 


Polarity, and Output Enable Control FN PACKAGE 
(TOP VIEW) 


@ Power-Up Clear on Registered Outputs 
@® TTL-Level Preload for Improved Testability 


@ Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


@ Dependable Texas Instruments Quality and 
Reliability 





‘ . NC — No internal connection 
@ Package Options Include Plastic Pin assignments in operating mode 


Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22V 10-15BC is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept “Programmable Output Logic Macrocell’. These 
IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
‘IMPACT-X is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 


Copyright © 1990, Texas Instruments Incorporated 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-15BC offers quick design and development of custom LSI functions with complexities of 500 to 
800 equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a 
temporary or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 
10 outputs are possible. ; 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V 10-15BC is characterized for operation from 0°C to 75°C. 
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functional block diagram (positive logic) 
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denotes fused inputs 
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output logic macrocell diagram | 


- . Output Logic Macrocell 


Pe ee ee yaar Eg Farce T 
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From Clock Buffer | 
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AR = asynchronous reset _ 
SS = synchronous set 
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ie Ly 
; } > s | > 
e @ 
: iy é 
ry s1=0 | MP si=0 
<i S0=0 <| $0 =1 
C) C ) 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





//O FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT I/O FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
31 so FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Active high 
I/O feedback Active low 
I/O feedback Active high 
0 = unblown fuse, 1 = blown fuse 


$1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 



























Registered 
Combinational 
Combinational 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 1) 20... . cee eee cece eee eee e eens inulia dau be meet aut an Gi 7V 
input Voltage (S66:NOI6 4): ests dav eviaaceesysuaebeeesn eens wiawdiaees byes 6 eee ewiatawesaoad 5.5 V 

_ Voltage applied to disabled output (See Note 1)... cece cece cece cece eet c eee n eee ene eee e ee nenees §.5V 
- Operating free-air temperature range ......cececcccveccecneteecsuneceeneetesunresersees 0°C to 75°C 
Storage TEMPCSrawWreTaNde ssissas. cc cewasdsrcenasaeeeren NeeeieVindniebssataiweneens —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 
































TIN NOM MAXT unit 
| Vin _High-levelinputvoltage se C“‘“C;™‘C;*dLSCO2OCCC‘*SSYTOV 
| Vit___bowlevelinputvoltage ss —(‘sLSCCCCCCC‘éOWY 
| lon Highteveloutputcurrent CO C82 mA 
| lon —_toweveloutputourrent se —“‘i‘iSC( mA 
Asynchronous Reset high or low ABs 
Pint —“‘“C;sS*rYSCiSS 
| | Feedback = CT CCSCiz 
ee . 
| th __Holdtime, input, set, orfeedbackafterclockT CT CTC 
0 75 
4 
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electrical characteristics over recommended operating free-air temperature range 


WK | Veg= a6, ia temASCSCSCSCSCSSCSCS. SSCS 
C 
i 
0 












fiozy | Woo=525¥, Vow SSS 
loz | Voo=525V,_Vo=04V.——SSSOSOSSCSCSCSCSCSST 
oe eee ee 
IH =, ‘ V 

C 


| 
Voo=525V |=27V 
(ns es Vo=05V [30 80) 


i 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION 


External feedback 
1/0 


7 







wo TO 
| VO(reset) | Q | Ri = 300 Q, 
R2 = 390 ©, 


See Figure 4 


a a! EO RE 


T All typical values are at Voc = 5 V, Ta = 28°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


§ fmax (with feedback) = teu + tpg(CLK to Q) ‘ 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 13 to Vip. 
Step 2. Apply either Vj, or Vi to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to Vj, . Preload can be verified by observing the voltage level 
at the output pin. 


Pin 1 


, | | | 
| 1 Vin | VoH 


sri Vi VOL 





Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for the NT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 
3. tg=tsy = ty = 100 ns to 1000 ns. Vip = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


J a BV 
| 
lt ———— tp t— el 


| (600 ns typ, 1000 ns MAX) | 


Active High 
Registered Output 


Active Low 
Registered Output 





CLK 1.5V 1.5V 
peso Vig 


| a | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 


‘| 
$1 
R1 
From Output ‘Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3.5 V ——-—— 3.5V 
Timing High-Level 
A} — — — 0.3V | | 0.3V 
teu pie th sen | oe 

Input : é Low-Level 15V 15V 

0.3V Pulse me 
(see Note B) = Se O93 V 

(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES PULSE DURATIONS 

3.5V 
Output 
Control 





(low-level 


enabling) Sa OO V 


| (see Note B) 
| | tds ie 


! = z = = 3.9V 
Waveform 1 \ 15V | 4 > VoL +0.5V 
$1 Closed | —— . 
| Vou (see Note C) — @ — You 
Out-of-Phase 1.5V 1.5V | tdis-Pl ie 
Output : ten Pi ie | 


ten—p je 










Lanes = ae 
(see Note D) OL Wevelonn> = VoH 
VOLTAGE WAVEFORMS ies bee pes ao VoH -0.5V 
PROPAGATIONDELAY TIMES = j= (eeNotecy fF NN 20V 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: 


A. C; includes probe and jig capacitance and is 50 pF for tod and ten, 5 pF for tgjs- 

B. All input pulses have the following characteristics: PRR < 1 MHz, ty = t¢ = 2 ns, duty cycle = 50%. 

C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
. vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


a 
" 


Ta —Free-Air Temperature — °C 


Figure 5 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


ee _—— tpHL ——- VO to O, I/O) 


R1 = 300 
R2= 3909 


14 





12 










10 — ae VO to O, VO) 










0 25 50 75 
Ta —Free—Alr Temperature — °C 


Figure 7 
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Voc — Supply Voltage ~V 
Figure 6 
PROPAGATION DELAY TIME 
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Figure 8 
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TYPICAL CHARACTERISTICS 


POWER DISSIPATION 
vs 
FREQUENCY 
10-BIT COUNTER MODE 


R1 = 3000 
R2 = 390 0, 
Cy = 50 pF 


Pp —Power Dissipation —-mW 





tpd —Propagation Delay Time — ns 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTOUTS SWITCHING 





tpLH (|, VO to 0, VO) 
| tox, (CLK to Q) 





tpLH (CLK to Q) 










Voc =6V 
R1 = 300 Q 


Cy = 50 pF 


0 
1 2 $ 4 5 6 7 8 $3 10 





10 30 50 70 100 
F — Frequency — MHz Number of Outputs Switching 
Figure 9 Figure 10 
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@ Second-Generation PLD Architecture GRIER 
@ High-Performance Operation: 
fmax (External Feedback)... 33.3 MHz 


Propagation Delay... 20 ns Max 


@ Increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


@ Increased Product Terms — Average of 12 
per Output 


® Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 





@ Each Output Is User Programmable for 
Registered or Combinational Operation, 


Polarity, and Output Enable Control FK PACKAGE 
(TOP VIEW) 


@ Power-Up Clear on Registered Outputs 
@ TTL-Levei Preload for Improved Testability 


@ Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


@ Dependable Texas Instruments Quality and 
Reliability 





; ‘ NC — No internal connection 
@ Package Options Include Plastic Pin assignments in operating mode 


Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22V 10-20M is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept “Programmable Output Logic Macrocell’. These 
IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabied through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 





Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current as of publication date. ay Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters. 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-20M offers quick design and development of custom LSI functions with complexities of 500 to 
800 equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a 
temporary or permanent basis, functions requiring up to 21 inputs anda one output or down to 12 inputs and 
10 outputs are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-20M is characterized for operation over the full military temperature range of -55°C to 125°C. 
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functional block diagram (positive logic) 
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Asynchronous Reset 
(to all registers) 


VO/Q 
= vO/Q 
VO/Q 
VO/Q 
VO/Q 





R=5811 








logic symbol (positive logic) 
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output logic macrocell diagram 


- Output Logic Macrocell 


a a ane ra I 


28 
¥ 
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From Clock Buffer | 
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AR = asynchronous reset 
SS = synchronous set 





TEXAS 4 
INSTRUMENTS 


2-370 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 


TIBPAL22V10-20M 
HIGH-PERFORMANCE /MPACT-X™ PROGRAMMABLE ARRAY LOGIC CIRCUITS 


SRPS012A — D3523, JUNE 1990 - REVISED MARCH 1992 


s ) > ) > 
@ 
@ 
$1=0 $1=0 
$0 =0 $0 = 1 
Lg | 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT l/O FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
sis FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
/O feedback Combinational | Active low 

\/O feedback Combinational | Active high 
0 = unblown fuse, 1 = blown fuse 


S1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 


























Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: Vice: (See NOG: 1). i. csieccci de cdenadedeisaen dae ecb tiation ddaneaweetacsnaaeeeened 7V 
Input voltage (see Note 1) ....... eee ee eee Pree ere re eee rere ere eee eer ee ee eee ee eee eee 5.5 V 
Voltage applied to disabled output (see Note 1) 2... cece cect ee cee centre eet e ne eteneeseeteeess 5.5 V 
Operating free-air temperature range ....... cece cece cent ence ere e ete eceeeenteccanes —55°C to 125°C 
slorage temperature Tange: shia. hw ectiaavad oiiss eoie saat de Kenknenwaseewanksaesews —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


V 
V 
V 






ee oak hgh ow SaaS 
bw hate Asynchronous Reset high or low eg 



























mi ee 
Feedback ———SSCSC~dC 
[Asynchronous Reset (nactivey | 20 


teu Setup time before clockT 











Hold time, input, set, or feedback after clockT 
Operating free-air temperature 


th 
Ta 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT 














Veg=45¥, j==T8mA eae] (ETRE 
Voo=45V, ion =~2 mA ee 
Voo=45¥, io =12 mA [025 05] Vv 
[loz | Yoo = 55, Vo=27V aa AA 
loz Voc = 5.5 V, Vo =0.4V 
oo = 85. Vi=55V 
| Vo = 55, W=27V ae ae 
GLK eee 
I |CLK Voc = 5.5 V, V,=0.4V mA 
Ca co i | oom ls 
ost dS = 88, Vo=0.5V [30 —-80| ma 
Voo= 55, Vi= GND, Guipuis open | 200 [mA 
i= TWH, Vi=2V ne La 
f= 1 WH, Vo=2V eae meee ae 
[Cai Lt Me VouK=2V 


Tall typical values are at Voc = 5 V, Ta = 26°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
FROM TO 
Ri = 3909, 


[time | ___Extemalfeodback 

Fe aT eae 

tet | vO reso) R2- 7500, 
eee ee See Figure 4 
. : 

a 













1, VO 1/0, Q 

i, /O //0, Q 
Dee ea 
tsu + tod(CLK to Q) 





Sf ax (with feedback) = Verification of tg and tpg(CLK to Q) may be used to verify expected performance. 
m 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 13 to Vip. 

Step 2. Apply either Vj, or Viz; to the output corresponding to the register to be preloaded. 

Step 3, Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 13 to Vj. Preload can be verified by observing the voltage level 





at the output pin. , | 
| Yair ete aE = Ne we ee aN Eg VIHH 
Pin 13 

| le— tou > eta we 
t~ ty —p oe Le tw >| | 7 | 

| | ———1—~--~------- VIH 

Pin 4 | | | 
P| _ : 
| (T~— Vir | VOH 


oe Nit VOL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for the JT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 
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3. tq = tay = ty = 100 ns to 1000 ns. Viyy = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Voc — eee SV 
| 
I* ted! " 


| (600 ns typ, 1000 ns MAX) | 





Active High 
Registered Output 
Active Low 
Registered Output 
| 
— toy $ 
| | VI 
CLK 1.5V 1.5V 
Se Vi 
| = | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
+ This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 


‘t 
$i 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 


3-STATE OUTPUTS 





| 3V eae oe OV 
Timing High-Level 
Ca a a 0 | | 0 
tue fh — te — 
——— 3Vv | 
Data 1.5V N 1.5V | | 3V 
Input ‘ mde 15V 1.5V 
(see Note B) : Gen ener: eee 
see Note 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ( 
SETUP AND HOLD TIMES PULSE DURATIONS | 
3V 3V 
Input Output 
0 Control : 
(low-level Al ; 
t enabling) iat eee ent ee 
pd om ten—p ie | (see Note B) 


—-—-YV 
In-Phase a" | 


! tds ie 
Output 


! eee | io = 3.3 V 
Waveform 1 1.5V VoL t+90.5V 
tod —e—i S1 Closed | | {--* 
—vV 
| VoH (see Note C) 7 OL 
Out-of-Phase 1.5V : 1.5V | tyisPl it 
Output ten ie | 










aE vy 
see Nolet) or Waveform 2 VoH 
VOLTAGE WAVEFORMS le Ea: tips Tes Von -0.5V 
PROPAGATION DELAY TIMES eecercrrrmasennn en ee oe ee OV 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. ©, includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tyjg. 


A. 

B. All input pulses have the following characteristics: PRR s 10 MHz, ty and ts = 2 ns, duty cycle = 50%. 

C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

. Equivalent loads may be used for testing. 


m © 


Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT PROPAGATION DELAY TIME 
Vs | VS 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 











vu 
E i 
s 
5 a 
8 s 
= oh 
& S 
3 
é : 
l | Ta = 25°C 
Oo R1 = 300 Q 
© i R2 = 390 0 
CL = 50 pF 
10 Outputs Switching 
00 
~75 -50 -25 0 25 50 75 100 125 4.5 4.75 § §.25 §.5 
Ta —Free—Air Temperature — °C Voc — Supply Voltage — V 
Figure 5 Figure 6 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
a 
: TC 
26 Pe oa Ee e a aa 
: —}—-— Se 
~ tp 1, VO to O, /O 
es sn Ga, elk OP moat 
& x) tpi (CLK to Q) 
i) _ L TL (CLK to to Q) | 5 
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; aaa. 
a 
z . 
10 Outputs Switching , 
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Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 


POWER DISSIPATION : 
vs : PROPAGATION DELAY TIME 
FREQUENCY vs 


10—BIT COUNTER MODE NUMBER OF OUTOUTS SWITCHING 


tpLH (1, VO to O, v0) 
tPHL (CLK to Q) 


yuh. “htt 


Vv 

Ri = 300 Q 

R2 = 390 Q 1 
C, = 50 pF 







Pp —Power Dissipation —mW 
tpd —Propagation Delay Time — ns 





1 2 3 4 5 6 7 8 9 10 
F — Frequency — MHz Number of Outputs Switching 


Figure 9 Figure 10 
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C SUFFIX... NT PACKAGE 
M SUFFIX... JT PACKAGE 


(TOP VIEW) 


@ Functionally Equivalent to the 
TIBPAL22V10/10A, with Additional 
Feedback Paths in the Output Logic 
Macrocell 


® Choice of Operating Speeds: 
TIBPAL22VP10-20C .. . 20 ns Max 
TIBPAL22VP10-25M ... 25 ns Max 


@ Variable Product Term Distribution 
Allows More Complex Functions to Be 
implemented 


® Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 


® TTL-Level Preload for Improved Testability 





® xtra Terms Provide Logical Synchronous C SUFFIX... FN PACKAGE 
Set and Asynchronous Reset Capability M SUFFIX... FK PACKAGE 
(TOP VIEW) 


@ Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


@ Dependable Texas Instruments Quality and 
Reliability 


@ Package Options Include Plastic 
Dual-In-Line and Chip Carrier Packages 





description 
The TIBPAL22VP10’ is equivalent to the 
TIBPAL22V10A but offers additional flexibility in NG — No internal connection 
the output structure. The improved output Pin assignments in operating mode 


macrocell uses the registered outputs as inputs 
when in a high-impedance condition. This 
provides two additional output configurations fora 
total of six possible macrocell configurations all of 
which are shown in Figure 1. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting. In addition, the data may be fed back into the array from either the register or the 
I/O port. The ten potential outputs are enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 


Aarget lines oe information is current as of publication date. j 

conor mb ape ifoatione per the terme ot toes rade 4 Copyright © 1991, Texas instruments Incorporated 
uction processing does not necessarily 

relude testing bedi ail perameters. 
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- description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 


TIBPAL22V P10’ offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each of the ten output pins may be individually configured as inputs on either atemporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is seuppiied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power-up with their ae high. Registered 


_outputs selected as active-high power-up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-20C is characterized for operation from O°C to 75°C. The TIBPAL22V10-25M is 


characterized for operation over the full military temperature range of -55°C to 125°C. 
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functional block diagram (positive logic) 
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Inside each MACROCELL the ”P” fuse is the polarity fuse and the ”R” fuse is the register fuse. 


Fuse number = First fuse number + Increment 
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output logic macrocell diagram 





r 7 
ie : 
ae fb< 
From Clock Buffer 
Ke 

| | 

| | 

| | 

| sat 81 | 

| a = | 

AR = asynchronous reset | 

SS = synchronous set 7 


T This fuse is unique to the Texas Instruments TIBPAL22VP10”. It allows feedback from the I/O port using registered outputs as shown in the 
macrocell fusing logic function table. 
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>0 Ls SS 
: } > ; 6} 
®  ) 
@ @ 
; LJ ; 
pS $2=0 Y—- §2=0 
$1=0 $1=0 
Gj $0 =0 < 80 =1 
C | C) 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 


> ba SS 
; }) > s 6} 
@ @ 
@ @ 
: = i 
82=1 S2=1 
$1=0 $1=0 
a s0=0 “i $0 = 1 
() C) 
/O FEEDBACK, REGISTERED, ACTIVE-LOW ouTpuTt //O FEEDBACK, REGISTERED, ACTIVE-HIGH outTputt 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 
T These configurations are unique to the TIBPAL22VP10’ and provide added flexibility when comparing it to the TIBPAL22V 10 or TIBPAL22V10A. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 


$2 $1 So 


FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 


I/O feedback Registered Active low 
I/O feedback Registered Active high 
\/O feedback Combinational | Active low 
\/O feedback Combinational | Active high 


0 = unblown fuse, 1 = blown fuse, X = unblown or blown fuse 
S2, $1 and SO are select-function fuses as shown in the output logic macrocell diagram. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





supply voltage; Vee (see NOG: 1): once sdocsweccsieewaseadcmagews eed nite oot se desea de Weeeteus 7V 
INDULVONAde (SCG NOLO) afcsdancens cia ec eee dewey ie eae oars ve aee Peseta Rea ias einen 5.5 V 
Voltage applied to disabled output (See Note 1) 2... cece ce eee cere e eee e eee eee e eee eennaes 5.5V 
Operating free-air temperature range: TIBPAL22VP10-20C ........ ci cece eee eee eee 0°C to 75°C 

TIBPAL22VP10-25M) ... eee cece e ee ceeeeeeeees —55°C to 125°C 
Storage temperature FANGS... cece cece eee eee eee eee eee eee tee e eee —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 










PWi,__Lowlevelinputvotago——SCSC~“—*‘“*~*é~sSC“‘SCC(‘OOL:COO#*C*‘“‘(#C#CO#‘#CUSY;«C~=C*@di 
a 20 Cm 
[Asynchronous Resethighorow | 20 

Pint C~dECiSCCSCSC*dS:C«‘ 
a [Feedback CT SCSC*~“‘“*RSC« 
‘su Setup time before clock’ Syrohronous Preset (acive) | 18S 
Asynchronous Reset (inactive) | 20 | 2 
[th Hold ime, input, preset, orfeedbackaftercioakT TO Tne _| 





t i eet eene Sener 
folock (with feedback) teu * tog ( GLK to Q) » fclock without feedback can be calculated as 


1 


folock (without feedback) = <b ecw 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYP! MAX| UNIT 












Vo. | Veo=475V,.ion=16mAS”~=~“*~*~*~*~*~*~—*~s~C—SssSSCS*t*~“‘( SO] CS 
flozH | Voo=525V,Vo=27V~OS”~*~“*S*~*S*S*S*S*S*S~S~SOSCSYSC 
ocala pease 
i | Voo=525V,s~=‘=8BVSO™~*~“—~*S*~*~S™SSSSSOTTTCCSYSC A 
Voc = 5.25V, Vj=27V 
Host | Vee 825, Vo H05V 0 ——sisEsC-8D 90] Sm | 
Voo =525V, Vi = GND, Outputs open 





switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
(INPUT) (OUTPUT) 
: 78 


ee A ee) 
ee) 
ee ed 
12 20] ns | 
12-20 


1, V0 0, Q a ee) 
T All typical values are at Voc = 5 V, Ta = 28°C. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


§ Be ce Sea Sica 
fmax (with feedback) Eee tba (CLK to Q) 


: 1 
fmax (without feedback) = i hehe ow 























CL = 50 pF, 
[Wo vos) | a Rt =3000, 
PM OK er R2 = 3000, 





See Figure 4 


Me 70, 





» fmax without feedback can be calculated as 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT 
















Wow | Veo=45V,—lon=-2mA_—SSCSC~—~—~—SCSCS CdS‘ 
flozy Voc =85V, VV SSCS 
x0. 
iy Vo 88, 8S 
Tiny S—*d Vo 85, ev SSCS 
025 
os’ «dL Veo=85V,VonsvSSC~S~S 8S] 
Yoo =55V. Vi = GND, uiputs open 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
(INPUT) (OUTPUT) 


a el a 
ee 










CL = 50 pF, 







1, /O (reset) R1 = 390 Q, 
[ta | ok ~| SO R2 = 7509, 
| ten 1, /O 0, Q See Figure 4 






I, VO VO, Q 


T All typical values are at VoG = 5 V, Ta = 28°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


§ Sie ee ea 
fmax (with feedback) aa ioe (CLK to Q) 


1 
tw high + tw low. 





» {max Without feedback can be calculated as 


fmax (without feedback) = 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 13 to Vip. 


Step 2. Apply either Vj, or Vi4 to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to Vj . Preload can be verified by observing the voltage level 





at the output pin. 
VIHH 
Pin 13 
VIL 
ee ae VIH 
Pin 1 
VIL 
| | | 
| 7 iH | VOH 
rea Vit VOL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. 


3. tg=tgy = ty = 100 ns to 1000 ns. Vip = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all-registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Voc 2), ras 5V 
| 
Lp ting tL —____— 


| (600 ns typ, 1000 ns MAX) | 


Active High 
Registered Output 


Active Low 
Registered Output 


CLK 





T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


When the additional fuses are not being used, the TIBPAL22VP10 can be programmed using the 
TIBPAL22V10/10A programming algorithm. The fuse configuration data can either be from a JEDEC file (format 
per JEDEC Standard No. 3-A) or a TIBPAL22V10/10A master. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 






1 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
— —— (3.5 V) [3 V} 
High-Level 
Timing oe (3.5 V) [3 V] Pulse 15V 15V 
Input Ah ; | | (0.3 V) [0] 
ee (0.3 V) [0] k¢— ty ——dI 
teu — lr th : 
——-— (35V)[3V (3.5 V) [3 V] 
Data | i ( a 
inout 1.5V 1.5V saa ese 15V 15V 
(0.3 V) [0] —— —— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output Sadie ak 
i fe ce yd (3.5 V) [3 V] Control 1.5V 
Input 1.5V 1.5V (lowevel [| 
enabling) | — — — — (0.3 V) [0] 
ke 
tba —e— a ‘pd tdis-P| e- 







In-Phase 


| 
0.3 V) [0 
| (0.3 V) [0] ten + 
i | 
Output | 
| 


1.5V Waveform 1 15V | | Voz 10.5 V 
VOL $i Closed ome, a 
¢—pi—t pd (see Note B) ae! 





— VoL 
tod —q— >| | - 
Out-of-Phase | 1.5V | 1.5 oo 

Output : : Waveform 2 

(see Note D) ——-— VoL S1 Open 
(see Note B) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C, includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tdis. 

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (). PRR < 1 MHz, 
ty = tf < 2 ns, duty cycle = 50%. For M suffix, use the voltage levels indicated in brackets []. PRR < 10 MHz, ty and ty < 2 ns, 
duty cycle = 50%. 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms | 
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@ 58-MHz Max Clock Rate “ ys bl ar 
@ Two Transition Complement Array Terms 
® 16-Bit internal State Registers 

© 8-Bit Output Registers 


® Outputs Programmable for Registered or 
Combinational Operation 


@ Ideal for Waveform Generation and 
High-Performance State Machine 
Applications 


@ Programmable Output Enable 





@ Programmable Clock Polarity 
FK OR FN PACKAGE 
description (TOP VIEW) 


The TIBPLSSO6AC is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 97 product 
terms (AND terms) and 48 sum terms (OR terms). 
The product and sum terms are used to control the 
16-bit internal state registers and the 8-bit output 
registers. 


The outputs of the internal state registers 
(PO—P15) are fed back and combined with the 13 
inputs (IO—112) to form the AND array. In addition, 
two sum terms are complemented and fed back to 
the AND array, which allows any product term to 
be summed, complemented, and used as input to 
the AND array. NC — No internal connection 


The eight output cells can be _ individually 
programmed for registered or combinational 
operation. Nonregistered operation is selected by 
blowing the output multiplexer fuse. Registered 
Output operation is selected by leaving the output 
multiplexer fuse intact. 





Pin 17 can be programmed to function as an input and/or an output enable. Blowing the output enable fuse lets 
pin 17 function as an output enable but does not disconnect pin 17 from the input array. When the output enable 
fuse is intact, pin 17 functions only as an input with the outputs being permanently enabled. 


The state and output registers are synchronously clocked by the fuse programmable clock input. The clock 
polarity fuse selects either postive- or negative-edge triggering. Negative-edge triggering is selected by blowing 
the clock polarity fuse. Leaving this fuse intact selects positive-edge triggering. After power-up, the device must 
be initialized to the desired state. When the output multiplexer fuse is left intact, registered operation is selected. 


The TIBPLSS06AC is characterized for operation from 0°C to 75°C. 





PRODUCTION DATA information is current as of publication date. 
Products ¢ onform to speoificstions per the terme of Taxas instruments +i 
process 
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Each S-R Flip-Flop 
Each Multiplexer 


DETAIL: 
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logic diagram (positive logic) 
106706 





i 
TEXAS wy 
INSTRUMENTS 


2-394 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 


SLNAWNYISNI 
dy SVX] 


$9292 SVXSL ‘SVTIVC @ £08999 XOd 30I4IO 180d 


G6E-c 


~d 
oa 


LCCC ANE OT 
CAC : wa 
CAC A A 
nT mamas! 
Ti iin tiiGiitiit itt j 


s i cnt cn TT 
TT wn 


LCCC AA A 
EEE EET TICE TIE EE TTT TTC TTT TET TT 


ch cnc nt an =F TTT TTL 


g 
ad ; 
ATAtAtE 


“OR” Term Numbers 
g 


snanenere 
aa 

Bre] Be Bee Bee 
zeae 


Qie 
pt 
[ 

o 
2) 
i=) 


ni 
ite iT 
: 


as) esas es) es)le) 


i 1 9 gy 


ol 


4 119 g 


10874 
‘GR ai 


10875 
{113 
Q4 


> 10876 


coms 
py 


> Q5 


Qi ~=]fot =][o1 -|fer - 
ee 


= a [4 
roy z 
a 


5 


a LO ccc Tc 
UUEERTNUTEERUMERTC URGE EER GEE 


4 115 g 


Oise 


10678 


Hie 
i 
AT 
HIE 
HL 
le 
lz 
NE 
HE 
ill 
ic 
HH 
it = 
li 
HL 
HE 
HOT 
il 
Ht 
HI 
A 
lk 
es 


Q7 


-_ 


109 10679 


All inputs to AND gates, exclusive-OR gates, and multiplexers with a blown link assume the logic-1 state. 
All OR gate inputs with a blown link assume the logic-0 state. 
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S-R FUNCTION TABLE (see Note 1) 


CLK POLARITY FUSE | CLK §& R STATE REGISTER 


INTACT 
INTACT 
INTACT 
INTACT INDETERMINATE 


BLOWN Qo 
BLOWN L 
BLOWN H 
BLOWN - INDETERMINATE 


| NOTE 1: Qgis the state of the S-R registers before the active clock edge. 





functional block diagram (positive logic) 


CLK 
) > 


10 —111 
112/0E 





“N. denotes fused inputs 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (See Note. 2)° ciseesevereceteie in cas cadteten we Sees eeieecewns eal aeeedsiae 7V 
InpuEVOIage: (SEG INOIG: 2): ndcc onc easnesiearas oeeiawnd yar eendisas cased ve treteweeniewse tas 5.5 V 
Voltage applied to disabled output (See Note 2) ....... cece eee eee ees Wein sid ta keeeaeen tien’ 5.5 V 
Operating free-air temperature range ....... eee rer ree rere ree ee ree 0°C to 75°C 
Storage temperate laNGe* 4.6.io04 svearasase kia or Aa auger t eh eee wue eae ess —65°C to 150°C 


NOTE 2: These ratings apply except when programming pins during a programming cycle or during diagnostic testing. 


recommended operating conditions 






[wan wow wax ONT 







































Voc Supply voltage 4.75 5.25 | ov 

VIH High-level input voltage, Vcc = 5.25 V oT 

Vit Low-level input voltage, Voc = 4.75 V eae) 

lOH High-level output current PB] mA 

lo Low-level output current ee ae 
Clock ow a eee 

a aa oman OP 
input orteocbadcio Snpuie | Wih@aray [25 

a a 

Operating free-air temperature ee Te 


T The active edge of CLK is determined by the programmed state of CLK polarity fuse. 
See the OR term loading section and Figure 3. 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 





viK Voo=A76¥ ==18mA 


Now | veo 476, tonens2ma ee 
i TS AT) See 
loz, «dS Vc = 825, Vooav SSOSCSCS™SSSSSS~S 
iy Cd = 8.28, Vi=55V Tt | ma 
ring dV = 828 Wa27v 20 
in S*dY Vc 828, SSCS™S™SOSSCCCSSCSCS~ Sm 
[5 22] 
Voc = §.25 V, See Note 3, Outputs open 210 | mA | 
CAS OEE i TRE SOE ROE 
[co SSCS~dSC AM, SCV SOS™—OCOCCCNSO id 
[Coed tn tM, env SCS™C~—~—SSSC“‘( +” +CL“COPF CC 


§ All typical values are at Voc = 5 V, Ta = 28°C. 

‘This parameter approximates log. The condition Vo = 0.5 V takes tester noise into account. Not more than one output should be shorted at a 
time and duration of the short circuit should not exceed one second. 

NOTE 3: When the clock is programmed for negitive edge, then V| = 4.75 V. When the clock is programmed for positive edge, then Vj = 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM To 
PARAMETER (INPUT) (OUTPUT) 


Without C-array 
With C-array 
fmax* 
External feedback without C-array 
External feedback with C-array 
CLK 
| or Feedback Q (nonregistered) 


2... o. 
| tg S| CTC TC 
T All typical values are at Voc = 5 V, Ta = 25°C. 

See the fmax calculations section. 

















R1 = 300 Q, 


Q(nonregistered) R2 = 390 Q, 
Q (registered) See Figure 5 





fmax calculations 


The following is a brief description of how the different operating frequencies can be achieved when using the 
TIBPLSSO6A. | 


fmax Without C-(complementary) array = a 
SU pd 


register inputs = 12 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 5ns (difference 
in tog from CLK and feedback, 25 to 20). 


1 1 
(12+5) ns 17ns 


where setup time ts, before CLK at the S/R 


Thus: fmax for this condition = 





| 
tsu + tod CLK to Q 


inputs = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 5 ns (difference in tog 
from CLK and feedback, 25 to 20) 


fmax With the C-array = where ts, setup time before CLK at the S/R register 


1 1 


Thus: finax for this condition= ———_-___._ = 
(25+ 5) ns 30 ns 


= 83 MHz. 





1 
tsy + tod CLK to Q 


S/R register inputs = 12 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 10 ns 


1 1 
(12+10) ns  22ns 


fmax external feedback without the C-array = where setup time tsy before CLK at the 


ThUS: fmax for this condition = = 45 MHz. 





fmax external feedback with the C-array = ; where setup time tg, before CLK at the S/R 


register inputs = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 10 ns. 


1 1 
(25+10) ns  35ns 
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Dedicated Inputs \/ 





tmin(2) Min Clock Period for This Path 
internal SRs 


Vv 


< 


e 

wi 
£ 
ov 


5 OC 
ne 
< 

4 


Feedback Lines 







tgu(a) ! to Internal S or R, 
Data Through C Array 


*min(3) Min Clock Period 
or This Path 








tgu(2) | to Internal S or R 
CLK Internal 


> 


GIGIEIE) 





Output SRs 


tmin(1) Min Clock Period 
min() | This Path 


Pani 
tsu(b) OF tmin(c) 
> 

> 

> 


Cc) Dedicated Inputs 







> 


t ) tpad(3) CLK Internal to Output Response 


CD tpd(b) °F tpad(c) 


C ) tpa(2) CLK to Q Pin 


\/ 


C ) that) | to Output Pin 


O Output Pin 





Figure 1. Timing Model 
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glossary — timing model 


tod(1) — 
toa(2) — 
tpa(a) — 


tod(b) — 
tod(e) — 


tsu(1) 
tsu(2) rae 


tsu(a) aa 
tsu(b) — 


tmin(1) — 
tmin(2) — 


tmin(3) a_i 


tmin(c) = 


Maximum time interval from the time a signal edge is received at any input pin to the time any logically 
affected combinational output pin delivers a response. 


Maximum time interval from a positive edge on the clock input pin to data delivery on the output pin 
corresponding to any output SR register. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 


affected combinational configured output (at the pin), where data origin is any internal SR register. 


Maximum time interval from the time a signal edge is received at any input pin to the time any logically 
affected combinational output pin delivers a response, where data passes through a C-array once 
before reaching the affected output. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 
affected combinational configured output (at the pin), where data origin is any internal SR register 
and data passes once through a C-array before reaching an affected output. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any output SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data passes once through a C-array before reaching 
an affected S or R line on any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data passes once through a C-array before reaching 
an affected S or R line on any output SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed the S or R line of any output SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register and data 
passes once through a C-array before reaching an affected S or R line on any internal SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any output SR register and data 
passes once through a C-array before reaching an affected S or R line on any output SR register. 
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PARAMETER VALUES FOR TIMING MODEL 


tod(1) = 20 ns teu(1) = 12 nst tmin(1) = 20 ns 
toa(2) = 10 ns tsu(2) = 12 nst tmin(2) = 20 ns 
tod(3) = 25 ns tsu(a) = 25 ns tmin(3) = 25 ns 
tgu(b) =25ns tmin(c) = 25 ns 
INTERNAL NODE NUMBERS 
Q0-Q7 RESET 25-32 PO-P15 SET 33-48 
co 65 , RESET 49-64 
Ct 66 


T Use tsu = 20 ns for applications where the setup time for S/RJ inputs are required. 


diagnostics 


A diagnostic mode is provided with these devices that allows the user to inspect the contents of the state 
registers. The step-by-step procedures required to use the diagnostics follow. 


Step 1. Disable all outputs by taking pin 17 (OE) high (see Note 4). 

Step 2. Take pin 8 (QO) to Vit} to enable the diagnostics test sequence. 

Step 3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q5) to select the desired 
state register (see Table 1). 


The voltage level monitored on pin 9 will indicate the state of the selected state register. 
NOTE 4: If pin 17 is being used as an input to the array, then pin 7 (15) must be taken to ViijH before pin 17 is taken high. 
Vint 


Pin 7 








VOHH 
V 
Q3, Q4, Q5 OH 
Pins 11, 13, 14 VoL 


YN 


VOL 
T Vin = 10.25 V min, 10.5 V nom, 10.75 V max 


Figure 2. Diagnostics Waveforms 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 


Table 1. Addressing State Registers 
During Diagnostics 


BURIED REGISTER 
SELECTED 


REGISTER BINARY ADDRESS 


PIN 11 PIN13 PIN 14 









rr 





a ook SER DB a ere rear 





ke 


T Vin = 10.25 V min, 10.5 V nom, 10.75 V max 


inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers that are capable of programming Texas 
Instruments programmable logic is also available, upon request, from the nearest TI sales office, local authorized 


TI distributor, or by calling Texas Instruments at (214) 997-5666. 
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As shown in Figure 3 and by the fra, calculations, fmay is affected by the number of terms connected to each 
OR array line. Theoretically, fray is calculated as: 


1 


a ee 
Max tsu + tod CLK to Q 


Since the setup time (input or feedback to S/RJ) varies with the number of terms connected to each OR array 
line, (due to capacitance loading) frmaxwill also vary. Figure 3 illustrates the relationship between the number 
of terms connected per OR line and the setup time. 


Use Figure 3 to determine the worst-case setup time for a particular application. Identify the OR array line with 
the maximum number of terms connected. Count the number of terms and use the graph to determine the setup 


time. 


tsy — Setup Time — ns 


WORST-CASE SETUP TIME 
(input or feedback to SRL) 
vs 
”OR” TERM LOAD 





20 
1 ee ee 
> an 

17 
Po ee 
oe 
oe ee 
i a a er aa 
i ee 
co a 

10 





0 20 40 60 80 100 


Maximum Number of OR Terms Connected 


Figure 3 
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fmax with external feedback 


The configuration shown is a typical state-machine design with feedback signals sent off-chip. This external 
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest | 

- path defining the clock period is the sum of the clock-to-output delay time and the setup time for the input or 
feedback signals (tgy + tpg CLK to Q). 


1 


Thus: fmax with external feedback = 







internal 
E> SR 
Registers 






CLK 


Input 


Next Device 
Registers 


(Sea 


Figure 4 
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PARAMETER MEASUREMENT INFORMATION 






‘ 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
oS = SV 
High-Level 
Timing ey yaa Pulse 15V 1.5 
Input . | | 0.3V 
AS Oy eee age Se ee ere ek 0.3 V q—— tw —— 
teu—t- pit th | | 
| yp Se SV 3.5V 
ae 1.5V 1.5V past 15V 1.5V 
0.3 V ———-——-— O.3V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5V 
Control 1.5V 
Input (low-level 
enabling) ———— 03V 


In-Phase 
Output 





| | VOH 
Out-of-Phase 
Output 1.5V 1.5V 
(see Note D) et = MOL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 





n | 
- + Stata e- 


— 3 eb tetas NN = 3.3V 
Waveform 1.5V Vo, +0.5V 
$1 Closed | | | __¥ ol 

(see Note B) 


— ™—— VoL 
|. age me 
ten Pie : 





Waveform 2 a — — Vou 
S1 Open 
(see Note B) VOH -0.5 V 


eee ee oe, =O0V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tod and tgn, 5 pF for tig. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output contro!. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. — 


mog 


. Equivalent loads may be used for testing. 


. All input pulses have the following characteristics: PRR < 1 MHz, t, = tf s 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 


Figure 5. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
Vs 
FREE-AIR TEMPERATURE 


loc — Supply Current —mA > 





Ta — Free-Air Temperature — °C 


Figure 6 


POWER DISSIPATION 
vs 


FREQUENCY 









rail 
tazoe [III Wy 
Ta =0°C eee il 


Power Dissipation — mw 
@ 
or 
© 


THT 


eee See es 
meme STIL LLL 
ae Ly 
ese 
Pee THM LLL 


7 10 70 100 
, — Frequency — me 





Figure 7 
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TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME 
vs 
SUPPLY VOLTAGE 


' tp. (I or Feedback to Q) 
eee SOR Ree 

RE eed cen ES ee 

tpLH (| or Feedback to Q) 









Voc — Supply Voltage —V 


Figure 8 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


R1 = 3000 
R2 = 390 Q 
C_ = 50 pF 





TA — Free-Air Temperature — °C 


Figure 10 
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Propagation Delay Time — ns 
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PROPAGATION DELAY TIME 
vs 
LOAD CAPACITANCE 


tpHL (1 or Feedback to Q) 
tpLH (| or Feedback to Q) 
tpLH (CLK to Q) 
tpHL (CLK to Q) 


Cy — Load Capacitance — pF 
Figure 9 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 


tpLH (CLK to Q) 


tpHL (CLK to Q) 


0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 11 
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@ 58-MHz Max Clock Rate JT OR NT PACKAGE 


@ Ideal for Waveform Generation and 
High-Performance State Machine 
Applications 


@ 6-Bit Internal Binary Counter 
® 8-Bit Internal State Register 
@ Programmable Clock Polarity 


@ Outputs Programmable for Registered or 
Combinational Operation 


® 6-Bit Counter Simplifies Logic Equation 
Development in State Machine Designs 





@ Programmable Output Enable FK OR FN PACKAGE 
(TOP VIEW) 
description 


The TIBPSG507AC is a 13x 80 x 8 Programmable 
Sequence Generator (PSG) that offers the system 
designer unprecedented flexibility in a 
high-performance _ field-programmable logic 
device. Applications such as waveform 
generators, state machines, dividers, timers, and 
simple logic reduction are all possible with the 
PSG. By utilizing the built-in binary counter, the 
PSG is capable of generating complex timing 
controllers. The binary counter also simplifies 
logic equation development in state machine and 
waveform generator applications. 


The TIBPSG507AC contains 80 product (AND) NC — No internal connection 
terms, a 6-bit binary counter with control logic, 

eight S/R state holding registers, and eight 

outputs. The eight outputs can be individually 

programmed for either registered or 

combinational operation. The clock input is fuse 

programmable for either positive- or negative- 

edge operation. 





The 6-bit binary counter is controlled by a synchronous-clear and a count/hold function. Each control function 
has a nonregistered and registered option. When either SCLRO or SCLR1 is taken high, the counter resets to 
zero on the next active clock edge. When either CNT/HLDO or CNT/HLD1 is taken high, the counter is held at 
the present count and is not allowed to advance on the active clock edge. The SCLR function overrides the 
CNT/HLD feature when both lines are simultaneously high. 


Clock polarity is programmable through the clock polarity fuse. Leaving this fuse intact selects positive-edge 
triggering. Negative-edge triggering is selected by blowing this fuse. Pin 17 functions as an input and/or an output 
enable. When the output enable fuse is intact, all outputs are always enabled allowing pin 17 to be used strictly 
as an input. Blowing the output enable fuse lets pin 17 function as an output enable and an input. In this mode, 
the outputs are enabled when pin 17 is low and are in a high-impedance state when pin 17 is high. 





PRODUCTION DATA information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments % 


standard warranty. Production processing does not necessarily include TEXAS 
INSTRUMENTS 


testing of all parameters. 
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description (continued) 


The eight outputs can be individually programmed for combinational operation by blowing the output multiplexer 
fuse. After power up, the device must be initialized to the desired state. When the output multiplexer fuse is left 
intact, registered operation is selected. | 


The TIBPSG507AC is characterized for operation from 0°C to 75°C. 


6-BIT COUNTER CONTROL FUNCTION TABLE (see Note 1) 


CNT/HLD1 CNT/HLD SCLRi1 SCLRO OPERATION 


0 
L L L counter active 
X X H 
X H X 
H L L 
X L L 


NOTE 1: When all fuses are blown on a product line (AND), its output will be high. When all fuses 
are blown on a sum line (OR), its output will be low. All product and sum terms are low 
on devices with fuses intact. 











synchronous clear 
synchronous clear 
hold counter 
hold counter 








S/R FUNCTION TABLE (see Note 2) 

























[LK POLARMYFUSE | GLK | 8 | A | STATEREGIOTER 
INTACT T L L 
INTACT tT L H 
INTACT tT H L 
INTACT t H H INDETT 
BLOWN L L L Qo 
BLOWN I: L H L 
BLOWN iF H [ H 
BLOWN L H H INDETT 


at Output state is indeterminate . 
NOTE 2: After power up, the device must be initialized to its desired state. Qg is the state of the 
S/R register before the active clock edge. 
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functional block diagram (positive logic) 


CLK 





State Registers 


10 —111 






Output Cell 


H2/OE | é 
~ 
8x 8/__ @o-a7 
18 
BD: 


ee 


“N, denotes fused inputs 
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“AND” Term Numbers "7 
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logic diagram (positive logic) 
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Lyd 
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4324 
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Binary Counter 
Functional 
Logic Symbol 
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All inputs to AND gates, exciusive-OR gates, and multiplexers with a blown link assume the logic-1 state. 
All OR gate inputs with a blown link assume the logic-0 state. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: Vcc (See: NOI 3): satan niacin ia tocsirisun dave enna eh seonsentanapestee essen 7V 
Input Voltage: (See: NOES): a: sis144 celiac ne etna hae nee ete hes eae Hees Cowes eases’ vee 5.BV 
Voltage applied to disabled output (see Note 3) ....... cece eect eee nee ee er ee 5.5 V 
Operating free-air temperature range ........0eee eee eee ae heeaume av deas Sema wes tesa sed 0°C to 75°C 
SlOfage temperature Tange csdu sees eid sk eiws Saws ad week EAN Gee eee —65°C to 150°C 


NOTE 3: These ratings apply except for programming pins during a programming cycle or during the diagnostic mode. 


recommended operating conditions 


























INNO 
Vi _Lowlevelinputvollage—SSSCSCSCSCSCSCSCSCSCSSSSSSCSCS~—B 
loL Low-level output current fo 16 fm 
eo EE aE or ae mg | 
Clock low oe 
Input or fecdbaokto SiATinpule «dS 
tsy Setup time before CLK active transition 
[Inputorfeedbackat SiRinputs =i sO 
Hold time after CLK active transitio nt | InputorfeedbackatSCLRO = | OO  — | 
[Input orfeedbackat ONTHLDO +t oS 
TA Operating free-air temperature 


T internal setup and hold times, tg, feedback to SCLR1, feedback to CNT/HLD1; t, feedback at SCLR1 and feedback at CNT/HLD1, are 
guaranteed by fmax specifications. The active transition of CLK is determined by the programmed state of the CLK polarity fuse. 
See the OR term loading section and Figure 3. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Wik dea, iewtemASS—S 
Nei eee atev, ies eee 
Nop [vo 4760, to =f 0s 
leg 
flo, 








[Weg =525,Vo=z7zv—OSOSC—SCSSCSS~‘ 
ez 
ea we 
ng Yoo=825¥ Va 27V ee 


lof | oo =825, ges Si 0 
Ioc  s ee 5.25 v See Note 4, Outputs open 
a 37 AT RN! NSA AINE a 
[ee Ee eT | 
[eo id tne, Ce SSCSCS~CSCSs 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX| UNIT 


6-Bit counter with SCLR1 or CNT/HLD1 | 68 HC 
fmax® 






‘ARR 


6-Bit counter with SCLRO . 
6-Bit counter with CNT/H LDO 
With external feedback —" a: Figure 1) 


Q (nonregistered)* 
Q (registered) . 
_- or Feedback Q (nonregistered) 


a -- ae eee, 
ee i aa ae 
t All — values are at Voc = 5 V, Ta = 25°C. 

¥ This parameter approximates log. The condition Vo = 0.5 V takes tester noise into account. Not more than one output should be shorted at a 
time and duration of the short circuit should not exceed one second. 

See the fmax calculations section. 
{ Abs active edge of CLK is determined by the programmed state of the CLK polarity fuse. 

CLK to Q (nonregistered) is the same for data clocked from the counter or state registered. 
oe 4: When the clock is programmed for negitive edge, then V) = 4.5 V. When the clock is programmed for positive edge, then V; = 0. 







R1 = 300Q, 
R2 = 390 Q, 
See Figure 6 
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fmax Calculations 


The following are the different speeds that can be achieved when using the TIBPSG507AC as a state machine. 
The way the 6-bit counter is controlled will largely determine the operating frequency of the state machine. 


| 1 
tsu + tod CLK toQ 
or feedback to the S/R inputs = 12 ns and propagation delay time tog CLK to Q for the internal S/R 
registers = 5 ns (difference in tpg from CLK and feedback, 25 to 20). 
| 1 i, atl 
(12+5) ns 17ns 


fmax for a 6-bit counter using SCLR1 or CNT/HLD1 = where setup time tsy for input 


Thus: fmay for this condition = = 58 MHz. 





1 
tsu + tpg CLK toQ 
feedback to the SCLRO inputs = 20 ns and propagation delay time tpq CLK to Q for the internal S/R 
registers = 5 ns (difference in tog from CLK and feedback, 25 to 20) 
ee ee oe 
(20+5) ns —s- 25 ns 


imax for a 6-bit counter using SCLRO for reset = where setup time tsy for input or 





Thus: fmax for this condition = = 40 MHz. 
eee Leer 


feedback to CNT/HLDO = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 5 ns 
(difference in tpg from CLK and feedback, 25 to 20). _ 


Thus: fmax for this condition= ——!____. - —1_ = 33 Mhz. 


(25 +5) ns 30 ns 


fmax for a 6-bit counter using CNT/HLDO for reset = where setup time tsy for input or 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers that are capable of programming Texas 
Instruments programmable logic is also available, upon request, from the nearest TI sales office, local authorized 
TI distributor, or by calling Texas Instruments at (214) 997-5666. 
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tmin(1) Min Clock Period Using This Path 





tmin(2) Min Clock Period using This Path 






tmin(3) Min Clock Period Using This Path 





Dedicated Inputs 






\/ \Jf VV Counter or internal SRs 


\/ to Internal S or R 
CLK Internal 


iz — 


@) 
© 






ee 


CNTIMLDO cl | D> Feedback Lines 


Cee 


@ 
wo ew 





tpa(3) CLK Internal to Output Response 


| / 

y, 
© 
rT 

ia Z 









I to Output S or R 
‘su(1) C) tpayz) CLK to Q Pin 


 )  tpd(1) ! to Output Pin 


‘@)) Dedicated Inputs 
O Output Pin 





Figure 1. Timing Model 
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glossary — timing model 


tpdi1) — 


toa(2) — 


toa(3) — 


tsu(1) — 
tsu(2) — 
tsu(3) — 
tsu(4) — 
tmin(1) — 
tmin(2) — 


tmin(3) — 


Maximum time interval from the time a signal edge is received at any input pin to the time any logically 
affected combinational output pin delivers a response. . 


Maximum time interval from a positive edge on the clock input pin to data delivery on the output pin 
corresponding to any output SR register. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 
affected combinational configured output (at the pin), where data origin is any internal SR register 
or counter bit. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any output SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin only when entering data on the CNT/HLDO line. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin only when entering data on the SCLRO line. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed the S or R line of any output SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed SCLRO or CNT/HLDO. 


PARAMETER VALUES FOR TIMING MODEL 


tpd(1) = 20 ns tgu(1) = 12 nst tmin(1) = 17 ns 
tod(2) =10ns tgu(2) = 12 nst tmin(2) = 17 ns 
tpd(3) = 25 ns tgu(3) = 25 ns tmin(3) = 25 ns 


tgu(4) = 20 ns 


INTERNAL NODE NUMBERS 


SCLRO 25 CNTHLDO 28 P0-P7 SET 31-38 
SCLR1 SET 26 CNTHLD1 SET 29 RESET 39-46 


RESET 27 RESET 30 Q0-Q7 RESET 47-54 
C0-C5 55-60 


T Use tsy = 19 ns for applications where the setup time for S/RJ inputs are required. 
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diagnostics 


A diagnostic mode is provided that allows the user to inspect the contents of the state registers. The following 
are step-by-step procedures required for the diagnostics. 


Step 1. Disable all outputs by taking pin 17 (OE) high (see Note 5). 
Step 2. Take pin 8 (QO) to Vij; to enable the diagnostics test sequence. 
Step 3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q§) to select the desired 
state register (see Table 1). 
The voltage level monitored on pin 9 will indicate the state of the selected state register. 


NOTE 5: If pin 17 is being used as an input to the array, then pin 7 (15) must be taken to Vj}4}4 before pin 17 is taken high. 






Q3, Q4, Q5 
Pins 11, 13, 14 ne 
kt— 100ns —> 
es MK LLL LLL LLL 


T VinH = 10.25 V min, 10.5 V nom, 10.75 V max 
Figure 2. Diagnostics Waveforms 


Table 1. Addressing State Registers 
During Diagnostics 


REGISTER BINARY ADDRESS BURIED REGISTER 
SELECTED 


PIN 11 PIN13 PIN 14 
SCLRO 


SCLR1 
CNT/HLDO 
CNT/HLD1 
PO 
P4 
p2 
P3 
P4 
P5 
P6 
P7 
co 
Ct 
C2 
C3 
C4 
C5 
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PRINCIPLES OF OPERATION 


PSG design theory 


Most state machine and waveform generator designs can be simplified with the PSG by referencing all or part 
of each sequence to a binary count. The internal state registers can then be used to keep track of which binary 
count sequence is in operation, to store input data and keep track of internally generated status bits, or as output 
registers when connected to a nonregistered output cell. State registers can also be used to expand the binary 

counter when a larger counter is needed. | 


Through the use of the binary counter, the number of product lines and state registers required for a design is 
usually reduced. In addition, the designer does not have to be concerned about generating wait states where 
the outputs are unaffected because these can be timed from the binary counter. For detailed information and 
examples using this design concept, see A Designer’s Guide to the TIBPSG507 located in the applications 
report section of the Programmable Logic Data Book, 1993. 


OR term loading 


As shown in Figure 3 and by the fra, calculation, fma, is affected by the number of terms connected to each 
OR array line. Theoretically, fax is calculated as: 
| 
f Bie et 
mem” tsu + tog CLK to Q 


Since the setup time (input or feedback to S/R1) varies with the number of terms connected to each OR array 
line, (due to capacitance loading) fmax will also vary. Figure 3 illustrates the relationship between the number 
of terms connected per OR line and the setup time. 


Use Figure 3 to determine the worst-case setup time fora particular application. Identify the OR array line with 


_ the maximum number of terms connected. Count the number of terms and use the graph to determine the setup 


time. 


WORST-CASE SETUP TIME 
(input or feedback to SRJ) 
vs 
”OR” TERM LOAD 


ae a eZ 
ae ae ae 
ee 
a 





20 
19 


h 


18 
17 


16 






15 


146 


tg, — Setup Time — ns 


13 


12 
11 


am 
a 
ie a TE: 
ae ae ae 
po 
a eee ee ee 
ae SRR OE Sa 
iE RE SO Sane 





105 
Sita Number of Ben Terms ena! 


Figure 3 
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fmax with external feedback 


The configuration shown is a typical state-machine design with feedback signals sent off-chip. This external 
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest 
path defining the clock period is the sum of the clock-to-output delay time and the setup time for the input or 
feedback signals (tsy + tog CLK to Q). 


1 
tsu + tod CLK to Q 


Thus: fmax with external feedback = 








CLK Registers 


Input 






Output 
[> SR 


Registers Next Device 


Sg re ag 


Figure 4 
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APPLICATION INFORMATION 


The TIBPSG507AC is used in this application to generate the required memory timing control signals (RAS, CAS, 
etc.) for the memory timing controller. 







RFC 
Dynamic RAM 


Banko 















Dynamic 


Refresh 






Timer Memory 1 Meg x 32 Bit 
Controller TMS4C1027 
SN74ALS6301 






REFEQ 


Memory 
Timing 
Controller 
TIBPSG507A 


REFREQ 
















Banki 
1 Meg x 32 Bit 
TMS4C1027 


Clock 





Generator 













Bank2 
1 Meg x 32 Bit 
TMS4C1027 









Microprocessor 





Bank3 
1 Meg x 32 Bit 
TMS4C1027 © 







Memory Bank Signals 





Data 


For detailed information, please see the Systems Solution for Static Column Decode Application Report. 


Figure 5 
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PARAMETER MEASUREMENT INFORMATION 









‘| 
$1 
R1 
From Output “Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
SS 3.5 V 
High-Level 
Timing a 35V Dt iee 15V 15V 
Input 1. | 0.3V 
AL — — — 0.3 V \e— ty —— Pl 
tsu—t¢-_ pit PT th | : 
——— 35V 3.5 V 
Data | i : 
Input 1.5V 1.5V sick te 15V 1.5V 
0.3 V —— a — O.IV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5V 
Control 
(low-level 
Input enabling) peso cits 0.3V 
in-Phase 33.3V 
Output Waveform 1 Vo, +0.5 V 
81 Closed OE ts 
i¢—_pi— tod (see Note B) —~— VoL 
‘pd it " | ¥ tdig—P l¢t- t 
Out-of-Phase ! OH | 
Output 1.5V 1.5V Waveform 2 + — VOH 
see Note D oon ee oe $1 Open 
( OF (see Note B) Vou ~0.5 V 
VOLTAGE WAVEFORMS .,—0 “i i lee =OV 
PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C1 includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 1 MHz, ty = t¢ <2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


VS 
FREE-AIR TEMPERATURE 









< 

E 

a 

p 

= 

Oo 

z= 

Qa. 

a. 

| 

a 

o 

hs 

Ta — Free-Air Temperature — °C 
Figure 7 
POWER DISSIPATION 
vs 
FREQUENCY 
1000 
950 

E 900 I 
a. 
a A= +h i 
5 ears (ies Ie ee 


1 2 4 7 10 20 40 70100 
f — Frequency — MHz 


Figure 8 
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TYPICAL CHARACTERISTICS 


Propagation Delay Time — ns 


Propagation Delay Time — ns 


PROPAGATION DELAY TIME 
vs 
SUPPLY VOLTAGE 


tpH_ (I or Feedback to Q) 
OS A A 









Voc — Supply Voltage — V 


Figure 9 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 





0 25 0 50 75 
Ta ~— Free-Air Temperature — °C 


Figure 11 
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Propagation Delay Time — ns 
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PROPAGATION DELAY TIME 
vs 
LOAD CAPACITANCE 


Voc =5V 
R1 = 300 
R2 = 390 Q 


tpHL (| or Feedback to Q) 
tpLH (| or Feedback to Q) 
tpLH (CLK to Q) 
tpHL (CLK to Q) 





Cy — Load Capacitance — pF 
Figure 10 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 


tpLH (CLK to Q) 


tpHL (CLK to Q) 





1 2 3 4 5 6 7 
Number of Outputs Switching 


Figure 12 
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@® 50-MHz Clock Rate Gon 


@ Power-On Preset of All Flip-Flops 


@ 6-Bit Internal State Register With 8-Bit 
Output Register : 


® Power Dissipation ...600 mW Typical 


@ Programmable Asynchronous Preset or 
Output Control 


® Functionally Equivalent to, but Faster Than 
82S105AT 


description 


The TIB82S105BC is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 14 pairs of sum terms (OR 
terms). The product and sum terms are used to 
control the 6-bit internal state register and the 8-bit 
output register. 





FN PACKAGE 
(TOP VIEW) 


The outputs of the internal state register (PO—PS5) - 
are fed back and combined with the 16 inputs 
(l1O—115) to form the AND array. In addition a single 
sum term is complemented and fed back to the 
AND array, which allows any of the product terms 
to be summed, complemented, and used as an 
input to the AND array. 


The state and output registers are positive-edge- 
triggered S/R flip-flops. These registers are 
unconditionally preset high during power up. 
Pin19 can be used to preset both registers or, by 
blowing the proper fuse, be converted to an output 
control function. 


The TIB82S105BC is characterized for operation 
from 0°C to 75°C. 





tT Power-up preset and asynchronous preset functions are not identical to 82S105A. See Recommended Operating Conditions. 





ts conform to specifications per the terms of Texes Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current es of publication date. St Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters, 
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functional block diagram (positive logic) 


PRE/OE 





“\N, denotes fused inputs 


Vec | 
| 
| 
i [ 
l#— teu —p 


| 
Optional : | | 
i en ee | — 


10-115 


_ timing diagram 


internal | 
State Registers | l 
PO—P5 | | | 
| 
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logic diagram (positive logic) 
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NOTES: 1. All AND gate inputs with a blown link float to the high level. 
2. All OR gate inputs with a blown link float to the low level. 
3. Fuse numbers = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (See Note 4) 2... cece cece cece eee ee eees ‘Wiidamecn des owaw cere piicaroaites 7V 
Input voltage (See Note 4)... cece eet e cece eee e eee e ene eenes ee eee enews 5.5 V 
Voltage applied to disabled output (See Note 4)... cece cece cece reece eee ee ene teeeees be tanske 5.5 V 
Operating free-air temperature range ....... cece cece eee eee teen teen eee eee ee seennes 0°C to 75°C 
SiOrage tSMNELALUFETANDO s-cad dines iernde Sindiestevs tevsewordiaeteoneceees se eac —65°C to 150°C 


NOTE 4: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


f Clock freauencyt 1 thru 48 product terms without C-array + 
eque 
sits pe 1 thru 48 product terms with C-array 


tw Pluse duration ee oniow 
t Setup time before CLKT, Without C-array 
su 1 thru 48 product terms With C-array 


ty Setup time, Preset low (inactive) before cLKTS 


mn Hold time, input after CLKT 
Operating free-air temperature 


T The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input, the 
maximum clock frequency must be calculated. 

The C-array is the single sum term that is complemented and fed back to the AND array. 

After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT 
Cc 
























fy «dC = 8.25, Vi=55V 
Ic 


Voc = 5.25 V, Vp=47V, | 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN Typt ‘cats UNIT 


Without Caray ee 





















With C array . 
nea eee CLT Ri = 500.0, 
PRET R2 = 500 Q, 


50 70 
pint 

thd es era 8 foe 
ar See p12 20] ns 
a ee ee) 
ae ee RE ee aa te eee 
T All typical values are at Voc = 5 V, Ta = 25°C. 

The output conditions hace been chosen to produce a current that closely approximates one half of the true short-circuit output current, log. 


§ fmax is independent of the internal programmed configuration and the number of product terms used. 





programming information 


Texas Instruments Programmable Logic Devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
Programmable Logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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diagnostics 


A diagnostics mode is provided with these devices that allows the user to inspect the contents of the state 
register. When I0 (pin 9) is held at 10 V, the state register bits PO—P5 will appear at the QO—Q5 outputs and 
Q6-Q7 will be high. The contents of the output register will remain unchanged. 


| - VIH 
11-115 
| maa : VIL 


| 
| 
l Fm mm ee ee em mm ae a 10V 
l if + 8V 
| 
| 
| 
| 


An 
= 
=x 


CLK 


| 
| 
| 





Internal cs a ae eee come ae Se OES iE ED ea eer RED ee Vv 
Rs Register Ps [ ve NS ae on 
PO ~ P5 aE Me DRM sie Sls ce Sin as si es hl i ns i ie i is eh ec is um Se [ame ame cn GD ea a VOL 


| 
a 


| | l l VoH 
7 . VOL 


(tpt 


Optional 
OE ov 





PS = Present state, NS = Next state 


Figure 1. Diagnostic Waveforms __ 
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test array 


A test array that consists of product lines 48 and 49 has been added to these devices to allow testing prior to 
programming. The test array is factory programmed as shown in Table 1. Testing is accomplished by connecting 
QO-Q7 to 18-115, PRE/OE to GND, and applying the proper input signals as shown in Figure 2. Product lines 
48 and 49 must be deleted during user programming to avoid interference with the programmed logic function. 


Table 1. Test Array Program 






OPTION PRE/OE H | 


eee ea tee NO oe cee ed 
a ee aaa NEXT STATE OUT | 
LINE 
EE creer | eae 
p48 XIHA ATH TATRA TARTAR ATH AH ARH HRI CEC ee 
Pe 8 eee eRe RRR 














Q0 —Q7 


Internal | l | 
State Register — — — — — — HIGH 


PO -—P5 : 


Figure 2. Test Array Waveforms 


Table 2. Test Array Deleted 
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TIB82S105B, 82$105A COMPARISON 


The Texas Instruments TIB82S105B is a 16 x 48 x 8 Field-Programmable Logic Sequencer that is functionally 
equivalent to the Signetics 82S105A. However, the TIB82S105B is designed for a maximum speed of 50 MHz with 
the preset function being made conventional. As a result the TIB82S105B differs from the 82S105A in speed and in 
the preset recovery function. 


The TIB82S105B is a high-speed version of the original 82S105A. The TIB82S105B features increased switching 
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz and does 
not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product tems were 
connected to a sum line on the original 82S105A, the fra, would be about 15 MHz. The fma, for the TIB82S105B 
remains at 50 MHz regardless of the programmed configuration. In addition, the preset recovery sequence was 
changed to a conventional recovery sequence, providing quicker clock recovery times. This is explained in the 
following paragraph. 


The TIB82S105B and the 82S105A are equipped with power-up preset and asynchronous preset functions. The 
power-up preset causes the registers to go high during power up. The asynchronous preset inhibits clocking and _ 
causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, the minimum 
setup time from power up to the first clock pulse must be metin order to assure that clocking is not inhibited. In a similar 
manner after an asynchronous preset, the preset input must return low (inactive) for a given time, ts, before clocking. 


The Signetics 82S105A was designed in such a way that after both power-up preset and asynchronous preset it 
requires that a high-to-low clock transition occur before a clocking transition (low-to-high) will be recognized. This is 
shown in Figure 3. The Texas Instruments TIB82S 105B does not require a high-to-low clock transition before clocking 
can be resumed, it only requires that the preset be inactive 8 ns (preset inactive-state setup time) before the clock 
rising edge. See Figure 4. 


The TIB82S105B, with an fax of 50 MHz, is ideal for systems in which the state machine must run several times faster 
than the system clock. Itis recommended that the TIB82S105B be used in new designs. However, if the TIB82S 105B 
is used to replace the 82S105A, then the customer must understand that clocking will begin with the first 
clock rising edge after preset. 


Table 3. Speed Differences 
82S105A TIB82S8105B 
PARAMETER SIGNETICS TIONLY 


imax [20M [50M 
pa ciKioQ | 20ne +t tere ——*d 
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Voc | 
| | 
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+ tsu le tsu 

a 
| 
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Registers / \ x : / | \ xX 


Figure 3. 82S105A Preset Recovery Operation 
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Figure 4. TIB82S105B Preset Recovery Operation 
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PARAMETER MEASUREMENT INFORMATION 





NOTES: 


mo Ow> 


‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3.5V ———— 3.5V 
1.5V ah 15V 1.5V 
Ai nea eae 0.3 V | | 0.3V 
teu pit th a 
1.5V 1.5V Low-Level eax ey i 
0.3 V Pulse 
(see Note B) a = OV 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 

Output 

Control 

(low-level 

enabling) 


Waveform 2 
$1 Open 
VOLTAGE WAVEFORMS (see Note C) 


PROPAGATION DELAY TIMES SI rage 









: nape 7 = ~3.3V 
Waveform 1 VoL +0.5V 
$1 Closed roy ) {-—*% 
(see Note C) , wae’ eae VoL 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


. Ob includes probe and j jig capacitance and is 50 pF for tog and ten, 5 pF for tyig. 
. All input pulses have the following characteristics: PRR s 1 MHz, ty = tf = 2 ns, duty cycle = 50%. 
. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output contro!. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


Figure 5. Load Circuit and Voltage Waveforms 
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NT PACKAGE 
(TOP VIEW) 


® Programmable Asynchronous Preset or 
Output Control 


@ Power-On Preset of All Flip-Flops 


© 8-Bit Internal State Register With 4-Bit 
Output Register 


® Power Dissipation ...600 mW Typical 


@ Functionally Equivalent to, but Faster Than 
82S105AT 


description 


The TIB82S167BC is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 12 pairs of sum terms (OR 
terms). The product and sum terms are used to 
control the 8-bit internal state register and the 4-bit 
Output register. 





FN PACKAGE 
(TOP VIEW) 


The outputs of the internal state register (PO—P7) 
are fed back and combined with the 14 inputs 
(l1O—113) to form the AND array. In addition the first 
two bits of the internal state register (PO—P1) are 
brought off-chip to allow the output register to be 
extended to 6 bits if desired. A single sum term is 
complemented and fed back to the AND array, 
which allows any of the product terms to be 
summed, complemented, and used as inputs to 
the AND array. 


The state and output registers are positive-edge- 
triggered S/R flip-flops. These registers are NC — No internal connection 
unconditionally preset high during power up. 

PRE/OE can be used as PRE to preset both 

registers or, by blowing the proper fuse, be 

converted to an output control function, OE. 


The T!IB82S167BC is characterized for operation 
from 0°C to 75°C. 





tT Power-up preset and asynchronous preset functions are not identical to 82S167A. 





Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA information is current as of publication date. 4 Copyright © 1992, Texas Instruments Incorporated 
testing of all parameters. 
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functional block diagram (positive logic) — 


PRE/OE 
oad 
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& 
Q0 —-Q3 





“N, denotes fused inputs 
timing diagram 


Voc 





| 
PRE | 





Optional : 
OE 
| 





internal | 
State Registers | 
P2—P7 | , | | 
| | | | 
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logic diagram (positive logic) 
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BEE aee Bea Abies cto) eee (gue ere 
TE TS eet 
ae TT So] [1 14 po 
Se EMER tas CeCe te EEE. eid Eee 
i a RiMGe SS [~T 13 gs 
SAR A RD le GeL Caleb e ier a eRe. PSH tiild 
BRREES TT Ee tT go 
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NOTES: 1. All AND gate inputs with a blown link float to the high level. 
2. All OR gate inputs with a blown link float to the low level. 
3. Fuse numbers = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 4) ....... hua Geeeciene Veaialea-s nine Me aaneam awa eee rage Seana ees 7V 
Input voltage (see Note 4)... ewe eee eee ees Rasa aie Ub eate ae ide ata Metin Me eae © rare eucea eae 5.5 V 
Voltage applied to disabled output (See Note 4)... . cece cece cee teeter ene eeeneeeneeeens 5.5 V 
Operating free-air temperature range ........ cece cece eee eens ieRaTa Qecasaeen seks .. 0°C to 76°C 
Storage tOMPEFAtUE FANGS 6c ccc ek sccnseccee sever vesteeeusciedessadveweutensenece —65°C to 150°C 


| NOTE 4: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


































ee 
i768 528 
x 
a ea, SARE] FI 
lou High-level output current 
| nino. se 

lock, ie requency 1 thru 48 product terms with C-array i aa 

= 
on 1 thru 48 product terms With C-array = a 

i. toe 
iN Hold time, input after CLKT aC aeeee 
ita Gpeniitg feo bopanty 


re The maximum clock frequency is independent of the internal programmed configuration. If an output is fed back externally to an input, the 
maximum clock frequency must be calculated. 
The C-array is the single sum term that is complemented and fed back to the AND array. 
After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition. _ 
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electrical characteristics over recommended operating free-air temperature range (unless 


otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 
Vous 476V j==18mA 1 
Vor Voo=475V ioH=-32 mA ec ea 
Voc =4.75V lo. = 24mA 0.37 0.5 






Voc = 5.25 V, Vj =5.5V 
Voc = 5.25 V, Wj=2.7V 
la, Voo= 25, cay SSS 


Voc = 5.25 V, V; = 4.5 V, 
loc OE 
PRE/OE at GND, Outputs open 


lozH | Vo = 5.25, Vo =27V ee) 
loz Voc = 5.25, Vo =0.4V oe ote eee 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPT MAX| UNIT 


= ee 
[3045 
[05 |e 
ee ee) 
rr a) 
a 
a a) 



















Ri = 500 Q, 
R2 = 500 Q, 
See Figure 5 







Tall typical values are at Voc = 5 V, Ta = 25°C. 
The output conditions hace been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios, 
fmax is independent of the internal programmed configuration and the number of product terms used. 


programming information 


Texas Instruments Programmable Logic Devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
Programmable Logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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diagnostics 


A diagnostics mode is provided with these devices that allows the user to inspect the contents of the state 
register. When 10 is held at 10 V, the state register bits P2—P7 will appear at the QO-Q3 and PO—P'1 outputs. 
The contents of the output registers, QOD-Q3, PO—P1 remain unchanged. 


| Ving 
11 -113 
| VIL 


| 
| Gr ee oe nn eee —— SY ee eT reer mum Cee comer won SeTNSY Ne Senet ome 10 V 
| 


| x %. 8V 
10 e | IN 
; | | 
| | 


CLK 





Intemal ween ae seen ee cos ie ce Sao oe elec cae ne ane ean eee ce mone came se coun] ES aD cae SND eu So GE cus SHED ca secu cane Vv 
State Register 7 . = on 


| | ——— VoL 


| : VOH 
VOL 
tod 


Optional 
OE 


PS = Present State, NS = Next State 


Figure 1. Diagnostic Waveforms 
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test array 


A test array that consists of product lines 48 and 49 has been added to these devices to allow testing prior to 
programming. The test array is factory programmed as shown in Table 1. Testing is accomplished by connecting 
QO0-Q3 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in Figure 2. Product lines 
48 and 49 must be deleted during user programming to avoid interference with the programmed logic function. 


Table 1. Test Array Program 


OPTION PRE/OE 'H | 


ee Se Nc See ce eed 
a ai NEXT STATE OUT 
LINE 
Pt a 
p48 XPATH IAA TR TAHA AAA APH IRI IR H AHL ee UL 
p49 efx fe fee Pee Pee Eee PRE e LYE ee PU Ge EPL LPH YR PHYA PHY HRA IH HTH YH TH | 












Q0 -Q3 


Internal | | 
State Register — — — — — — HIGH 


PO —P7 | 


Figure 2. Test Array Waveforms 


Table 2. Test Array Deleted 
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TIB82S167B, 82S167A COMPARISON 


The Texas Instruments TIB82S167B is a 14 x 48 x 6 Field-Programmable Logic Sequencer that is functionally 
equivalent to the Signetics 825167A. However, the TIB82S167B is designed for a maximum speed of 50 MHz with 
the preset function being made conventional. As a result the TIB82S167B differs from the 82S167A in speed and in 
the preset recovery function. 


The TIB82S167B is a high-speed version of the original 82S167A. The TIB82S167B features increased switching 
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz and does 
not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product tems were 
connected to a sum line on the original 825167A, the fra, would be about 15 MHz. The fma, for the TIB82S167B 
remains at 50 MHz regardless of the programmed configuration. In addition, the preset recovery sequence was 
changed to a conventional recovery sequence, providing quicker clock recovery times. This is explained in the 
following paragraph. 


The TIB82S167B and the 82S167A are equipped with power-up preset and asynchronous preset functions. The 
power-up preset causes the registers to go high during power up. The asynchronous preset inhibits clocking and 
causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, the minimum 
setup time from power up to the first clock pulse must be metin order to assure that clocking is not inhibited. In a similar 
manner after an asynchronous preset, the preset input must return low (inactive) for a given time, tg, before clocking. 


The Signetics 82S167A was designed in such a way that after both power-up preset and asynchronous preset it 
requires that a high-to-low clock transition occur before a clocking transition (low-to-high) will be recognized. This is 
shown in Figure 3. The Texas Instruments TIB82S 167B does not require a high-to-low clock transition before clocking 
can be resumed, it only requires that the preset be inactive 8 ns (preset inactive-state setup time) before the clock 
rising edge. See Figure 4. 


The TIB82S 167B, with an frag Of 50 MHz, is ideal for systems in which the state machine must run several times faster 

than the system clock. It is recommended that the TIB82S167B be used in new designs. However, if the TIB82S167B 
is used to replace the 82S167A, then the customer must understand that clocking will begin with the first 
clock rising edge after preset. 


Table 3. Speed Differences 
82S167A TIB82S167B 
PARAMETER SIGNETICS TIONLY 


20 MHz 50 MHz 
aee a ee 
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Figure 4. TIB82S167B Preset Recovery Operation 
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PARAMETER MEASUREMENT INFORMATION 






‘| 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
7 3.5V —-—-—— 3.5V 
Timing ; High-Level 
of 0.3V | | - 0.3V 
ia : 3.5V | | ° | 
pata Yo Nusy ! | 3.5 
Input : ; Low-Level 1.5V 18V 
0.3 V Pulse 
(see Note B) ee ee = 
see Note 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ( 
SETUP AND HOLD TIMES PULSE DURATIONS 
3.5 V 
Output 
Control 15V 
(low-level {| 
enabling) ae ee OV 
tai a“ ie | (see Note B) 
| dle i 





| 
: eet 2 2 = 3.3V 
Waveform 1 \ | fis VoLt+0.5V 
. $1 Closed | tov -—— v 
l , Vou (see Note C) 
Out-of-Phase 1.5V 1.5V | 
Output ten —P 







% — You 
tdis-Pl i 
f—-y i 
(see Note D) OL Waveform 2 = Von 
VOLTAGE WAVEFORMS (s ee pets es VoH - 
PROPAGATION DELAY TIMES Oe wren oe ee sOV 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C,_ includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tyis. 
B. All input pulses have the following characteristics: PRR < 1 MHz, t; = t¢ = 2 ns, duty cycle = 50%. 
C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
E, Equivalent loads may be used for testing. 


Figure 5. Load Circuit and Voltage Waveforms 
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3 TICPAL16L8’ 
@® Standard 20-Pin PLD Family JLORN PACKAGE 
® Virtually Zero Standby Power (TOP VIEW) 
© Propagation Delay Time... 55 ns Max : 
® TTL- and HC-Compatible Inputs and 3 
Outputs : 
@ Preload Capability to Aid Testing 6 
7 
@ Fully Tested for High Programming Yield 8 
Before Packaging ; 
@ Greater Than 2000-V Input Protection for 
Electrostatic Discharge TICPAL16R4° 
JL OR N PACKAGE 
® Devices in the JL’ Package Can Be Erased (TOP VIEW) 


and Reprogrammed More Than Once 


i 3-STATE REGISTERED vo 
INPUTS | O OUTPUTS Q OUTPUTS | PORTS 
paae| 10 | 2 |. 0 | 6 
paciond | 8 [0 | 4@alatobuflos) | 4 







PALIGR6 | 8 | 6 (3-state butfers) 





=~ ODO ON DNR OD = 


|PALI6RS | 8 
description 
These programmable array logic devices provide 
reliable, high-performance substitutes _ for TICPAL16R6’ 
conventional TTL and HCT logic. They are also JL OR N PACKAGE 
compatible with HC logic over the Vcc range of (TOP VIEW) 


4.75 V to 5.25 V. Their easy programmability 
allows for quick design of custom functions and 
typically results in a more compact circuit board. 
Static power dissipation for these devices is 
negligible. 


The output registers of these devices are D-type 
flip-flops that store data on the low-to-high 
transition ofthe clock input. The registered outputs 
may be disabled by taking OE high, whereas the 
nonregistered outputs may be disabled through 





“=~ DOAN DA @®N ~ 


the use of individual product terms. Unused inputs TICPAL16R8’ 
must always be connected to an appropriate logic JL OR N PACKAGE 
level, preferably either Voc or ground. (TOP VIEW) 


The programming cell consists of a floating-gate 
device like those used in EPROMs. All terms are 
initially connected. The unwanted terms are 
programmed out to provide the desired function. 
The output of a given AND gate is low if both the 


These devices are covered by U.S. Patent 4,410,987 
PAL is a registered trademark of Advanced Micro Devices’ Inc. 





PRODUCTION DATA information is current a8 of publication date. Copyright © 1992, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Insttuments 


standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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description (continued) 


true and complement cells of a term are connected, and high if all related cells are programmed. Programming 


can be done manually but is usually achieved through the use of commercially available programming 


equipment. 


This TICPAL16’ series has internal electrostatic discharge (EDS) protection circuits and has been classified with 
a 2000-V EDS rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised in 
handling these devices, as exposure to EDS may result in a degradation of the device parametric performance. 


The floating-gate programming cells allow these PLD to be fully programmed and tested before assembly to 
assure high field programming yield and functionality. They are then erased by ultraviolet light before packaging. 


All devices in this series contain a security feature. Once the security cell is programmed, additional 
programming and verification cannot be performed. This prevents easy duplication of a design. 


The TICPAL16’ C series is characterized for operation from 0°C to 75°C. 


erasure 


The TICPAL16’ (JL package) series can be erased after programming by exposure to ultraviolet light that has 
a wavelength of 253.7 nm (2537 A). The recommended minimum exposure dose (UV intensity x exposure time) 
is fifteen wesecm~©. The lamp should be located about 2.5 cm (1 inch) above the chip during erasure. It should 
be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TICPAL16’ series (JL package), the window should be covered with an opaque label. 
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functional block diagrams (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


SUPDIY VOlIAIE: VGC. <ve08eSstcnalene eee aioe is heater eae ee nuwa uae Me aaedes —0.5Vto7V 
input voltage range, V) (SCG Note 1) 2.2... ccc eee nent cree e en eee rene nennewues « 0.5 V to Voot+0.5 V 
input clamp current, Ine (Vip O Orv > NGG) cocckaereeieiecteideeivewnr eer seb ede bee enue +20 mA 
Output clamp current, lox (Vo <O OF VQ >VoG) cece cette teen eee nee eee eee n eee eeee eens +20mA 
Continuous output current, lo (VG =010 VG6) sence ceawan sis dasiaatedeeinuswud ne eeanete ses +35 mA 
Continuous Current rough VGC Pill satis ensacneuihervewdeosepaa nat kenwetenedecs senate st 70 mA 
Continuous current through GND pitt -.2c0%i5echieweciuinynwanwaste dy awea wean eeiee sees —200 mA 
Lead temperature 1,6 mm (1/16 in) from case for 60 seconds (JL package) ..........cceeeeeeeee 300°C 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds (N package) .........cesee eee eeaee 260°C 
Operating free-air temperature rANGe 1... cece cee eect ee eee eee eee eee ences 0°C to 75°C 
Storage [CMPeralturerande: «2052 oesswslakedwiwongeduw KORE eRiNoeeer ede eeGadess —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 











Supply voltage 
High-level input voltage 
i Low-level input voltage 


: a Glock high 
ulse duration Clock low 








ot 


su Setup time, input or feedback before clockT 


= Hold time, input or feedback after clockT 


Operating free-air temperature 


ot 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) , 


PARAMETER : TEST CONDITIONS MIN TYPT MAX UNIT | 



















tan Voc = 4.75V, lon=—3.2mA (for TTL) aga 
; Voc = 4.75V, lon = —4 mA (for CMOS) | 38600 
VoL Voc = 4.75V, loL=24 mA (for TTL) a 
Voc = 4.75V, lo. = 4 mA (for CMOS) | a.) | 
ozw | Voc =5.25V, Vaan 
loz, *L Vo = 825, Sav SSCS tO 
iy dV = 825, egg SSCS 
[uw | veows25, eo SCSOS—S—SSSSSCCCSSC SSSA 
loc wands) | Voo=525V,_Vin0ervog,__to=0_——«d|—SCSCS~SOY 


loc (operating) Voc = 5.25 V, Vi=OorVoc, lo = 0, 
f= 1 MHz to 25 MHz Fy 
} Voc = 5.25 V, Vj = 0.5 V or 2.4 V, 
Alcc | Other Inputs at 0 V or Voc 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) 
PARAMETER FROM TO TEST CONDITION MIN TyPt MAX| UNIT 
(INPUT) (OUTPUT) 
R1 = 2000, 


Without feedback 
a 
R2 = 390 Q, 
Cy = 50 pF, 


See Figure 2 


























0, /0 
0, /O 
T All typical values are at Vog = 5 V, Ta = 25°C. 


¥ This is the increase in supply current for each in{ut that is at one of the specified TTL voltage levels rather than 0 or Voc. 


$ fmax (with feedback) = 


24 
tsy + toq(CLK to Q) ’ fmax (without feedback) = Ga 
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preload procedure for registered outputs 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. All of the registers may be preloaded 
simultaneously by following the steps below. 


Step 1. With Vec at 5 V and Pin 11 at Vix, raise Pin 1 to Vinp. 

Step 2. Apply either Vj, or Vi to the output corresponding to the register to be preloaded. 

Step 3. Lower Pin 1 to Vj, then remove the output voltage. Preload can be verified by lowering Pin 11 to Vi_ 
and observing the voltage level at the output pins. 


Pin 1 


2-9 
: VIL 


| 
tg > tq be | 


: oooh Vin 
Pin 11 t..* | 

| —————— tpreload = 1 ps ——-» 

| 





__ 
e 


| 
| | a 
| Awe 


Vin —t Vou 
ViL-— 


VOL 


Figure 1. Preload Waveforms 


preload recommended operating conditions, T, = 25°Ct 


HH Preload input current at pin 1 
: Preload voltage transition rate 
Setup and hold times 


: Other test parameters and conditions are shown in recommended operating conditions and electrical characteristics tables. 





programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized Tl 


distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 





‘L 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V ———-— 3Vv 
Timing 1.5V High-Level 15V 18V 
Input /\ Seg ete te 0 Pulse | l 0 
tsu—@-_ th oe = tw = 
Data ~ 90% | | 3V 
Input EON, ESF TN ao, 5 ee 15V 15V 
mH et Dl ie ty (see Note B) | ee AO oe 
see Note 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ( ) 
SETUP AND HOLD TIMES PULSE DURATIONS 
3V 
Output 
meu Control 1.5V 
(low-level | {| 
enabling) oe rane eee teem) 
ten _» - | (see Note B) 
In-Phase | | tds ie | 
Output | 
| 
| 


secs eo tata z aren ~ Voc 
Waveform 1 \ 15V | 4 VoL + 90.5 V 
tod Bale ae $1 Closed —_ 
(see Note C) — zm -— VoL 
| bg 
Out-of-Phase 1.5V 1.5 o tus ie 
Output ten Pie 







Ae i Bees 
(see Note D) - Waveform 2 ~~ Vou 
VOLTAGE WAVEFORMS tes et Brkt , Von -0.5V 
PROPAGATION DELAY TIMES  rermcmmarccrmnalfmine ns sane wee mes =0V 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. C,_ includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tyjg. 


A. 

B. All input pulses have the following characteristics: PRR < 1 MHz, Z, = 50 Q, ty = ts = 6 ns, aly cycle = 50% 

C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 2. Load Circuit and Voltage Waveforms 
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@ 24-Pin Advanced CMOS PLD ie “TOP VIEW) oe 


® Virtually Zero Standby Power 


® Propagation Delay Time: 
I, 1/0 to I/O in the Turbo Mode 
-~25C ... 25 ns Max 
-301 . . . 30 ns Max 
I, /O to I/O in the Zero-Power Mode 
-25C ... 35 ns Max 


-301 .. . 40 ns Max 
CLK to Q 
-25C ... 15 ns Max 


-301 .. . 20 ns Max 


® Variable Product Term Distribution Allows 
More Complex Functions to Be 
Implemented FN PACKAGE 

(TOP VIEW) 





@ Each Output Is User-Programmable for 
Registered or Combinatorial Operation, 
Polarity, and Output Enable Control 


® Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


® Preload Capability on All Registered 
Outputs Allow for Improved Device Testing 


@ UV Light Erasable Cell Technology Allows 
for: 
Reconfigurable Logic 
Reprogrammable Cells 
Full Factory Testing for High 
Programming Yield 





NC — No internal connection 
® Programmable Design Security Bit Pin assignments in operating mode 
Prevents Copying of Logic Stored in 
Device 


@ Package Options Include Plastic 
Dual-In-Line and Clip Carrier [for 
One-Time-Programmable (OTP) Devices] 
and Ceramic Dual-In-Line Windowed 
Package 


AVAILABLE OPTIONS 


PACKAGE TYPE 


TA CERAMIC WINDOWED PLASTIC | PLASTIC 
RANGE DUAL-IN-LINE DUAL-IN-LINE CHIP CARRIER 
(JTL) (NT) (FN) 


0°C to 75°C TICPAL22V10Z-25CUTL | TICPAL22V10Z-25CNT | TICPAL22V102-25CFN 
—40°C to 85°C TICPAL22V10Z-30INT | TICPAL22V10Z-30IFN 


These devices are covered by U.S. Patent 4,410,987. . 
EPIC is a trademark of Texas Instruments Incorporated. 










_ Products conform to specifications per the terms of Texas Instruments 
td warrenty. Production processing does not necessarily 


PRODUCTION DATA information is current as of publication date. ay Copyright © 1992, Texas Instruments Incorporated 
standa 
Include testing of all parameters. 
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description 


The CMOS PLD devices feature variable product terms, flexible outputs, and virtually zero standby power. It 
combines Tl’s EPIC™ (Enhanced Processed Implanted CMOS) process with ultraviolet-light-erasable EPROM 
technology. Each output has an output logic macrocell (OLM) configuration allowing for user definition of the 
output type. This device provides reliable, low-power substitutes for numerous high-performance TTLPLDs with 
gate complexities between 300 and 800 gates. 


The TICPAL22V10Z has 12 dedicated inputs and 10 user-definable outputs. Individual outputs can be 
programmed as registered or combinational and inverting or noninverting as shown in the OLM diagram. These 
ten outputs are enabled through the use of individual product terms 


The variable product-term distribution on this device removes rigid limitation toa maximum of eight product terms 
per output. This technique allocates from 8 to 16 logical product terms to each output for an average of 12 product 
terms per output. The variable allocation of product terms allows for far more complex euonS to be 
implemented in this device than in previously available devices. 


With features such as the programmable OLMs and the variable product-term distribution, the TICPAL22V 10Z 
offers quick design and development of custom LSI functions. Since each of the ten output pins may be 
individually configured as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs 
and a single output or down to 12 inputs and 10 outputs can be implemented with this device. 


Design complexity is enhanced by the addition of synchronous set and asynchronous reset productterms. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0 independently of the clock. The output logic level after 
set or reset will depend on the polarity selected during programming. 


Output registers of this device can be preloaded to any desired state during testing, thus allowing for full wail 
verification during product testing. 


The TICPAL22V 10Z has internal electrostatic discharge (ESD) protection circuits and has been classified with 
a 2000-V ESD rating tested under MIL-STD-883C, Method 3015.6. However, care should be exercised in 
handling these devices, as exposure to ESD may result in a degradation of the device parametric performance. 


The floating-gate programmable cells allow the devices to be fully programmed and tested before assembly to 
assure high field programming yield and functionality. They are then erased by ultraviolet light before packaging. 


The TICPAL22V10Z-25C is characterized for operation from O°C to 75°C. The TICPAL22V10Z-30! is 
characterized for operation from —40°C to 85°C. 


design security 


The’PAL22V10Z contains a programmable design security cell. Programming this cell will disable the read verify 
and programming Circuitry protecting the design from being copied. The security cell is usually programmed after 
the design is finalized and released to production. A secured device will verify as if every location in the device 
is programmed. Because programming is accomplished by storing an invisible charge instead of opening a metal 
link, the '22V10Z cannot be copied by visual inspection. Once a secured device is fully erased, it can be 
reprogrammed to any desired configuration. 
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functional block diagram (positive logic) 
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denotes programmable cell inputs 
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Asynchronous Reset 
(to all registers) 
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Synchronous Set 
(to all registers) 
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Inside each MACROCELL the (P) cell is the polarity cell and the (R) cell is the register cell. 


Programmable Cell Number 
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output logic macrocell (OLM) description 


A great amount of architectural flexibility is provided by the user-configurable macrocell output options. The 
macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like a standard 
TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input. The Q and Q outputs 
are made available to the output select multiplexer. The asynchronous reset and synchronous set controls are 
available in all flip-flops. | 


The select multiplexers are controlled by programmable cells. The combination of these programmable cells 


~ will determine which macrocell functions are implemented. It is this user control of the architectural structure that 


provides the generic flexibility of this device. 


output logic macrocell diagram 


From Clock Buffer | 


IQ 





AR = asynchronous reset 
SS = synchronous set 
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output logic macrocell options (see Figure 1) 


= > cS 
; ) > : }) > 
e S 
@ co) 
= i ; 
ry) si=0 My )  81=0 
a $0 =0 << $0 = 1 
C) C) 
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





/O FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT I/O FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


CELL SELECT 
| si so | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
/O feedback Combinational | Active low 

/O feedback Combinational | Active high 


0 = erased cell, 1 = programmed cell 


S1 and SO are select-function cells as shown in the output logic macrocell 
diagram. 



























Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voitage range, Voo -.-eeeeeeees pace ieee nin ea GRE a enna a aioe Mew dw aaa ules -0.5Vto7V 
Input voltage range, V; (See Note 1) ....... cee eee e eee Pe eer ee ane —0.5 V to Voc +0.5 V 
_ Input clamp current, lig (Vp <O OF Vi > Voc) 0. cece eee c cece cere cen ec centr cen eesesseunsenn +20mA 
Output clamp current, lox (Vo <0 Or VOo>Veoc) «see eee Be ere re et re ee ee +20mA 
Continuous output current, Ig (Vo =OtOVoGG) -c ccc n eee c cece cette tee e eee eee e eee eeee +40mA 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FN or NT package ...........+505. 260°C 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: JTL package ....... cece eee eees . 800°C 
Operating free-air temperature range ............0e00es eee i eeciieh ga gover wees ... 0°C to 75°C 
Storage teMperature FANGS oo cccssse sec c cence eee neers este es eeeeeeaneeneees ee —65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 

















ViH High-level input voltage 


ViL___ Low-level input voliage | 


Driving TTL 
lOH High-level output current Driving CMOS 
Driving TTL eee 
1oL__ Low-level output curent Driving GMOS 


Clock high 
Clock low 
































tw Pulse duration: 





i a a ee) 
Synchronous preset inactive | 30 
maine cieemen ee 


Setup time, turbo mode 






tsu 












tgy Setup time, zero-power mode 
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electrical characteristics over recommended operating free-air temperature range 























' Voc = 4.75 V, lOH =—3.2 mA for TTL 3 
= 
a Voc = 4.75 V, lol = 16 mA for TTL 
Voc = 4.75 V, loL = 4 mA for CMOS 
own «| SCCO=825V,  Vo=27V ST S™~—SCSCSCSCSSCSC~‘TSCS A 
id | Voc=525V,Viz625V.SS~—SsSSSCST SSC‘ COA 
Voo=525V, Viz 0.5V F-00110, nA 
lot = sd Vg = 5.25, Vo =0.5V -30  -45 -90 
ee oes 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 3) 


FROM To 

foo moe La ae 
i Pee ee 
ft. erm —| er | 8 Ee 

RESET 
Coed a 
5 25 

5 25 






2 
CLKT 
I, VO 1,Q, 0 
7 
tdis 1, V0 |, @, V0 


Tal typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


Disabled outputs are tied to GND or Voc. 

1 1 
eh without feedback) = —————_____ 
tou + tpg(OLK to Gy * ‘max \ )* Tyihigh) + tydlow) 





Tmax (with feedback) = 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


supply Voltage 1aNOG;. VAG. ced dency ease ee bs eeeve eke do eewnceeeeeG iade cinta aes -0.5Vto7V 
Input voltage range, Vj (See Note 1) 2... ccc cee cece crete rect en eee er eeesenneeas -0.5 V to Voc + 0.5 V 
input.clamp current, lic: (Vi< 0.Or Vi > VGC): suackawitenseascateseeageees incr edeek whee mews +20mA 
Output clamp current, lox (VQ <O Or VO > Ve) cece cece cnn e cece seen en eneee eset e ee eeeeeees +20mA 
Continuous output current, Iq (Va =O tO VEG) once cece cece teen eee eeee ee eeneeeeeteneenees +40mA 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: FN or NT package .............06- 260°C 
Operating free-air temperature range ........... Sate oe one eae age ee Pare et ele e aoe woe wale ~—40°C to 85°C 
SlOfade 16MPeratlure Tange ©. sce cnccnnnedcreneetananes baad snawewaaee enwiawe’ «+. ~65°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 









[MIN NOM MAX] UNIT 
Voc Supply voltage 


Vi High-level input volage 
Vit__Low-level input volage aed 


IL 
| Sa 
lOH High-level output current Driving CMOS : fa 
ie Driving TT 
OL Low-level output current Driving CMOS fo oe ae ee mA 


Clock high 


Clock low 
Asynchronous reset 
| Input or feedback 


Asynchronous reset inactive 


Synchronous preset inactive 
i 











































tw Pulse duration 









Setup time, turbo mode 





tsu 





2 
2 
2 
5 
tsu Setup time, zero-power mode 
5 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITION MIN TYP! MAX] UNIT 



























Voc =4.5V, loH = —3.2 mA for TTL 
VOH Voc =4.5V, IOH = —4 mA for CMOS 
Wax Voc =4.5V, loL = 16 mA for TTL 
Voc =4.5V, lo. = 4 mA for CMOS 
oz —SS«d oo=85V,Vo=a7V SS SS™~—CSCSCSSSSSCSCCSSCSC~“‘“( HOA 
fon +|_Voo=85V,Vo-08VSOSOSC™~™CSCSCCCCTCCSSSCSCSC OHO _ | 
lin | _Voo=55V,__-Wi=55V 
fu Cd) C= 88, OSV SC™~—CSSSSCSCS SSC‘ OHO] A 
of +d _Voo=85V,Vo=05V.——OSSOS™~S 80m 
=O. V, = ’ 
Bobs a eae bo ue 


switching characteristics over recommended ranges of supply voltage and operating free-air 


temperature (unless otherwise noted) (See Figure 3) 
FROM TO t 





5 Wit Toscbaak 
fm ax MHz 
With feedback 






: 66 

F 55 
e i ae i680 
240 
re Aavenerols ea 
P RESET 23a 
eS CURT a i020 
15 30 
20 40 
15 30 
17 40 






ne Her i ao 
. ie fade 


Tal typical values are at Voc = 5 V, Ta = 26°C. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
§ Disabled outputs are tied to GND or Vcc. 
1 1 
—_————_ —_—  ; f without feedback) = ————______ 
tsu + tog(CLK to Q) * = Tahigh) + Tstlow) 





1 fax (with feedback) = 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to setup through the entire state-machine sequence. Each register is preloaded 
individually by following the steps given below. The output level depends on the polarity selected during 
programming. - 


Step 1. With Voc at 5 V and pin 1 at Vj, raise pin 8 to Vinp. 
Step 2. Apply either Vi, or Vj4 to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 8 to Vj. Preload can be verified by observing the voltage level 
at the output pin. 


CLK/I 





| 
| | 
| 7 VIH | VOH 


pane VE VoL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for the JTL and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. 


3. tq =tgy = ty = 100 ns to 1000 ns. Vipyp4 = 10.25 V to 10.75 V. 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 


5V 


L 





(see Note D) 







81 
300 © 








From Output Test 
Under Test Point 
CL 390 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3V ——-—— 3V 
CLK if 1.5V hc abieect 15V 15V 
—_— 0 | | 0 
Data \ fey reece | | 3V 
Input . ow-Leve 
P 0 Pulse 15V 1.5V 
(see Note B) omc 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
‘ecenaiimtieatiens 3V 
Input 1.5V 1.5V Output 
| | 0 Control 
(low-level 
tod + aa tod enabling) 
| —— Vou 
In-Phase 1.5V 
Output : 
ar Wavef 1 
aveform 
tod —¢—>| $1 Closed 
l Vou (see Note C) 
Out-of-Phase 1.5V 1.5V 
Output aig 
(see Note D) OL Wavetonn? 
$1 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES lied RY See eee 
VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: A. OC, includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tyig. 
B. All input pulses have the following characteristics: PRR < 1 MHz, Zp, = 50 Q, tr = tf = 2 ns, duty cycle = 50%. 
C. Waveform 1 is foran output with internal conditions such that the outputis low except when disabled by the output contro!. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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special design features 


True CMOS Outputs: Each TICPAL22V10Z output is designed with a P-channel pull-up transistor and an 
N-channel pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct 
interface to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output 
has 16-mA drive capability, which makes the TICPAL22V10Z an ideal substitute for bipolar PLDs. The electrical 
characteristics of this device show the output under both CMOS and TTL conditions. 


Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched 
Outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred to as 
"ground bounce” and is most noticeable on outputs held at Vo ,_ (low-level output voltage). Ground bounce is 
caused by the voltage drop across the inductance in the package lead when current is switched (dv « | x di/dt). 


One solution is to restrict the number of outputs that can switch simultaneously. Another solution is to change 
the device pinout such that the ground is located on a low-inductance package pin. Tl opted for a third option 
in order to maintain pinout compatibility and eliminate functional constraints. This option controls the output 
transistor turn-on characteristics and puts a limit on the instantaneous current available to the load, much like 
the log resistor in a TTL circuit. 


Wake-Up Features: The TICPAL22V10Z employs input signal transition detection techniques to power up the 
device from the standby-power mode. The transition detector monitors all inputs, I/Os, and feedback paths. 
Whenever a transition is sensed, the detector activates the power-up mode. The device will remain in the 
power-up mode until the detector senses that the inputs and outputs have been static for about 40 ns; thereafter, 
the device returns to the standby mode. 


Turbo Mode or Zero-Power Mode: When the turbo cell is programmed, the device will be set to the power-up 
mode. Therefore, the delay associated with its transition detection and power up will be eliminated. This is how 
the faster propagation delays and shorter setup times are obtained in the turbo mode. The turbo mode and the 
associated speed increase can be effectively simulated with the turbo cell erased, if a series of adjacent input, 
I/O, or feedback edges occur with an interval of about 25 ns or less between these adjacent edges. Under these 
conditions, the TICPAL22V10Z will never have the opportunity to power down due to the frequency of the 
adjacent edges. 


Power Up: The TICPAL22V10Z device configuration bits (bower mode, and macrocell configuration) are read 
at the first input transition after a monotonic power up. When completed, the TICPAL22V10Z is in its designed 
configuration. The use of an initializing device reset is necessary in applications where registered feedback is 
used to ensure the TICPAL22V10Z is in a known state at the beginning of system operation. 


Power Dissipation: Power dissipation of the TICPAL22V10Z is defined by three contributing factors, and the 
total power dissipation is the sum of all three. 


Standby Power: The product of Voc and the standby Ioc. The standby current is the reverse current 
through the diodes that are reversed biased. This current is very small, and for circuits that remain in static 
condition for a long time, this low amount of current can become a major performance advantage. 


Dynamic Power: The product of Vcc and the dynamic current. This dynamic current flows through the 
device only when the transistors are switching from one logic level to the other. The total dynamic current 
for the TICPAL22V10Z is dependent upon the users’ configuration of the device and the operating 
frequency. Output loading can be a source of additional power dissipation. 


Interface Power: The product of loc (interface) and Voc. The total interface power is dependent on the 
number of inputs at the TTL Voy level. The interface power can be eliminated by the addition of a pull-up 
resistor. 
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Even though power dissipation is a function of the user’s device configuration and the operating frequency, the 
TICPAL22V10Z is a lower powered solution than either the quarter-powered or half-powered bipolar devices. 
The virtually zero standby power feature makes the TICPAL22V10Z the device of choice for low-duty-cycle 
applications. 


programming and erasability 


Programming of the TICPAL22V10Z is achieved through floating-gate avalanche injection techniques. The 
charge trapped on the floating gate remains after power has been removed, allowing for the nonvoiatility of the 
programmed data. The charge can be removed by exposure to light with wavelengths of less than 400 nm 
(4000 A). The recommended erasure wavelength is 253.7 nm (2537 A), with erasure time of 60 to 90 minutes, 
using a light source with a power rating of 12000 uW/cm2 placed within 2.5 cm (one inch) of the device. 


The TICPAL22V10Z is designed for programming endurance of 1000 write/erase cycles with a data retention 
of ten years. To guarantee maximum data retention, the window on the device should be covered by an opaque 
label. The fluorescent light in a room can erase a unit in three years or, in the case of a direct sunlight, erasure 
can be complete in one week. 
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TYPICAL CHARACTERISTICS 
NORMALIZED SUPPLY CURRENT 


OUTPUT CURRENT 7 VS 
vs FREE-AIR TEMPERATURE 
OUTPUT VOLTAGE (10-BIT COUNTER) 


Voc = 4.5 V 
Voc = 4.75 V 
Voc =5V 
Voc = 5.25 V 
Voc = 5.5 V 


Ig — Output Current —mA 


felock = 23.8 MHz 
Duty Cycle = 50% 





Normalized Supply Current at Vog = 5 V, Ta, = 25°C 





‘50 25 0 2 50 75 100 
Vo — Output Voltage —V . Ta — Free-Air Temperature — °C 
Figure 4 Figure 5 
SUPPLY CURRENT 
vs NORMALIZED PROPAGATION DELAY TIME 
CLOCK FREQUENCY vs 
(10-BIT COUNTER) | SUPPLY VOLTAGE 
100 1.15 


CLK to Q and Turbo Mode 
1.1 








> 
w 
i 
oO 
in © 
= > 
Fs ro] 
3 Zero-Power Mode 
F 
5 60 > 1.05 
6 a 
5 |! E 
S 
© & 
20 & 95) t,= 25°C 
= Cy = 50 pF | 
E Rt = 300.0 
S R2 = 390 2 
0 = 09 
100 1k 10k 100k 10M 100M 4.5 4.75 5.25 5.5 
felock — Clock sae ~ Hz Voc - wesc Voltage -V 
Figure 6 Figure 7 
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TYPICAL CHARACTERISTICS 
CHANGE IN 
NORMALIZED PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
Ta = 25°C 
2 R1 = 300 2 
1 R2 = 390 Q 
E 
= 
a) 
& 
® 
fas) 
c 
° 
3 
o 
a. 
2 
a. 
& 
© 
= 
@= CLK to Q £ 
@ = Zero-Power Mode 
A = Turbo Mode 
0 
-50 -25 0 25 50 75 100 0 100 200 300 400 500 600 700 800 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of: relevant information to verify, before placing orders, that the 
information being relied on is current. 


Tl warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl’s standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 

government requirements. | 3 


Please be aware that TI products are not intended for use in life-support appliances, devices, or 


- systems. Use of Tl product in such applications requires the written approval of the appropriate 


TI officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of Tl products.in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 
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Introduction 


The purpose of this report is to provide the first time user of programmable logic with 
a basic understanding of this powerful technology. The term Programmable Logic 
Device (PLD), refers to any device supplied with an uncommitted logic array, which 
the user programs to his own specific function. 


Programmable Logic Advantages 


Programmable logic devices (PLDs) offer many advantages to the system designer 
who presently is using several standard catalog SSI and MSI functions. Listed below 
are just a few of the benefits which are achievable when using programmable logic. 


Package Count Reduction: Several MSI/SSI functions can be replaced with one 
PLD. This reduces system power requirements. 


PC Board Area Reduced: Fewer devices consume less PC board space. 


Circuit Flexibility: Programmability allows for minor circuit changes without 
changing PC boards. 


Improved Reliability: With fewer PC interconnects, overall system reliability 
increases. 


Shorter Design Cycle: When compared with standard-cell or gate-array 
approaches, custom functions can be implemented much more quickly. 


Oo OF 2 od 


Proprietary Design Protection (fuse protection): Circuit can be protected by 
blowing the security fuse. 


The PLD will fill the gap between standard logic and large scale integration. The 
versatility of these devices provide a very powerful tool for the system designer. 


Symbology for PLDs 


In orderto keep the PLDs easy to understand and use, a special convention has been 
adopted. Figure 1 is the representation for a 3-input AND gate. Note that only one 
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line is shown as the input to the AND gate. This line is commonly referred to as the 
product line. The inputs are shown as vertical lines, and at the intersection of these 
lines are the programmable fuses. An X represents an intact fuse. This makes that 
input, part of the product term. No X represents a blown fuse. This means that input 
will not be part of the productterm (in Figure 1, input Bis not part of the product term). 
A dot at the intersection of any line represents a hard-wire connection. 


Figure 1. Basic Symbology 


Input Terms 
ABC 


Product Output 
Line F=AeC 


In Figure 2, we will extend the symbology to develop a simple 2-input programmable 
AND array feeding an OR gate. Notice that buffers have been added to the inputs, 
which provide both true and complement outputs to the product lines. The 
intersection of the inputterms form a4 x 3 programmabie AND array. From the above 
symbology, we can see thatthe output of the OR gate is programmed to the following 
equation, AB + AB. Note that the bottom AND gate has an X marked inside the gate 
symbol. This means that all fuses are left intact, which results in that product line not 
having any effect on the sum term. In other words, the output of the AND gate will 
be a logic 0. When all the fuses are blown on a product line, the output of the AND 
gate will always be a logic 1. This has the effect of locking up the output of the OR 
gate to a logic level 1. | 


Figure 2. Basic Symbology Example 


Input Terms 






Sum of Products 
Output 


Product 
Lines 


Family Architectures 


The PROM was the first widely used programmable logic family. Its basic 
architecture is an input decoder configured from AND gates, combined with a 
programmable OR matrix on the outputs. As shown in Figure 3, this allows every 
output to be programmed individually from every possible input combination. In this 
example, a PROM with 4 inputs has 24 or 16 possible input combinations. With the 
output word width being 4 bits, each of the 16 x 4 bit words can be programmed 
individually. Applications such as data storage tables, character generators, and — 
code converters are just a few design examples which are ideally suited for the 
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Figure 3. 
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PROM. In general, any application which requires every input combination to be 
programmable is a good candidate for a PROM. However, PROMs have difficulty 
accommodating large numbers of input variables. Eventually, the size of the fuse 
matrix will become prohibitive because for each input variable added, the size of the 
fuse matrix doubles. 
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To overcome the limitation of a restricted number of inputs, the PLD utilizes a slightly 
different architecture as shown in Figure 4. The same AND-OR implementation is 
used as with PROMs, but now the input AND array is programmable instead of the 
output OR array. This has the effect of restricting the output OR array to a fixed 
number of input AND terms. The trade-off is that now, every output is not 
programmable from every input combination, but more inputs can be added without 
doubling the size of the fuse matrix. For example, if we were to expand the inputs 
on the PLD shown in. Figure 4 to ten and on the PROM in Figure 3 to ten, we would 
see that the fuse matrix required for the PLD would be 20 x 16 (820 fuses) versus 
4 x 1024 (4096 fuses for the PROM). It is important to realize that not every 
application requires every output to be programmable from every input combination. 
This makes the PLD a viable product family. 


The FPLA goes one step further in offering both a programmable AND array anda 
programmable OR array (Figure 5). This feature makes the FPLA the most versatile 
device of the three, but often impractical in most low complexity applications. For 
applications in which complex timing control is required, Texas Instruments (Tl) 
offers several programmable state machines based on the FPLA architecture. 
Several of these devices incorporate internal state registers or on-chip binary 
counters to aid in generating complex timing sequences. 


Another type of programmable logic device (PLD) is the erasable programmable 
logic device (EPLD). Based on the traditional PLD architecture, these devices 
typically offer a higher level of flexibility in the input and output configuration, register 
selection, and clocking options. CMOS EPLDs provide a higher level of density over 
standard PLDs and have lower power dissipation characteristics than bipolar PLDS. 
All programmable logic approaches discussed have their own unique advantages 
and limitations. The best choice depends on the complexity of the function being 
implemented and the current cost of the devices themselves. It is important to realize 


that a circuit solution may exist for more than one of these logic families. 
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PLD Architecture 
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Figure 5. 


3-12 


Satetutetvtedadetetetetetetetetedetetetete’ 


WelaSaSaSeSelstatateletotetatetesaletateeseteteleteletelecetetetetataleteteseteteteefaSetutetetatetete ate teteteloratetatetelatesetetecatatetotatateleteatesatetesetatufetateleratetereteletctatetetateetetetetetetatetetatetetetelateleseseteteteteteteteteretetetatetatete 


FPLA Architecture 


OR Array 
(Programmable) 


TTT ST 


WW —__—~_/ 


sataataateabetaalataltaststelaataetebtaeteateatoebte ated 


Ano a UVVLY 


(Programmable) 


Q3 Q2 Q1 Qo 


Sa eSeenasegncegeseaeeese sec ecesesnaesecegesecenesestcnseceataneierestasetatate Matte aNarata eAateN ate otetataNcral ata tatgtstalatatetstataestyhtataNgtatatevaNe atatatanats ata tatatatatetstatatst atta cAaMatatat sat atatetatataNatatstatatgtatgtatatetatatatatetataletstatatatatsletatatataatatstatatatststatetgtatstanatstataNsetstatatstatatatatetatatstatatstatatetatatatastatatstatatsteMativatghstcteteiaNstgtnvstat tN eve atstat steer ates 


PLD Options 


Figure 6 shows the logic diagram of the popular TIBPAL16L8. Its basic architecture 
is the same as discussed in the previous section, but with the addition of some special 
Circuit features. First, notice that the PLD has ten simple inputs. In addition, six of the 
outputs operate as I/O ports. This allows feedback into the AND array. One AND gate 
in each product term controls each 3-state output. The architecture used in this PLD 
makes it very useful in generating all sorts of combinational logic. 


Another important feature about the logic diagram and all other block diagrams 
supplied from individual datasheets are that there are no Xs marked at every fuse 
location. From the previous convention, we stated that everywhere there was an 
intact fuse, there was an X. However, in order to make the logic diagram useful when 
generating specific functions, it is supplied with no Xs. This allows the user to insert 
the Xs wherever an intact fuse is desired. 


The basic concept of the TIBPAL16L8 can be expanded further to include D-type 
flip-flops on the outputs. An example of this is shown in Figure 7, with the 
TIBPAL16R8. This additional feature allows the device to be configured as acounter, 
simple storage register, or similar clocked function. 


Circuit variations which are available for other members of the TI PLD family are 
explained in the following paragraphs. 
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Figure 6. TIBPAL16L8 Logic Diagram 
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Figure 7. TIBPAL16R8 Logic Diagram 
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Output Macrocell 


PLDs equipped with the output macrocell offer total output flexibility. Figures 8 and 
9 show examples of these types of features as implemented in the TIBPAL22V10 
device. Fuses SO and S1 allow selection between registered or combinational 
outputs as well as output polarity. Figure 10 illustrates the user options. 


The user options are as follows: 


4) Clock Polarity Select. The clock signal can be inverted via a clock polarity select 
fuse. This allows the transition of the register outputs to be on either the positive 
or negative edge of the clock pulse. 


5) Internal-State Registers. Several devices offer internal-state registers, which 
are often called buried registers. With the internal-state register, the output of 
the register is fed back into the AND array rather than to an output pin. This 
feature can be used for timing control sequences. 


6) Variable Product Terms. Some PLD device architectures vary the number of 
product terms associated with each output pin. This allows better utilization of 
the programmable array. 


Figure 8. | Polarity Selection 
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Figure 9. | Output Macrocell Diagram 
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Figure 10. Resultant Macrocell Feedback and Output Logic After Programming 





REGISTER FEEDBACK, REGISTERED, REGISTER FEEDBACK, REGISTERED, 
ACTIVE-LOW OUTPUT ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, /O FEEDBACK, COMBINATIONAL, 
ACTIVE-LOW OUTPUT ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
si 80 | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
1/0 feedback Combinational | Active low 


I/O feedback Combinational | Active high 
0 = unblown fuse, 1 = blown fuse 


$1 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 
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Design Example 


The best way to demonstrate the unique capabilities of the PLD is through a design 
example. Through this example, the user will gain the basic understanding needed 
to apply a PLD application. In some cases, this goal may only be to reduce existing 
logic, but the overall approach will be the same. 


Define 
Application 
Generate 
Logic Equations 
Select Approprate 
PLD 
Compile 
Fuse Map 
Working 
Device 


Figure 11. PLD Process Flow Diagram 
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Example Requirements 


Table 17. 


This example will generate a 4-bit binary counter which is fed by one of four clocks. 
There are two lines available for selecting the clocks, SEL1 andSELO. Table 1 shows 
the required input for the selection of the clocks. In addition, it is desired that the 
counter be able to switch from binary to decade count. This feature is controlled by 
an input called BD. When BD is high, the counter will count in binary. When low, the 
counter will count in decade. 


Clock Selection 


SEL1 SELO | OUTPUT 





Figure 12 shows this example is implemented using standard logic. As shown, three 
MSI functions are required. The ’LS162 is used to generate the 4-bit counter while 
the clock selection is handled by the’LS253. The’LS688is an 8-bit comparator which 
is used for selecting either the binary or decade count. In this example, only five of 
the eight comparator inputs are used. Four are used for comparing the counter 
outputs, while the other is used for the BD input. The comparator is hard wired to 
go low whenever the BD input is low and the counter output is count nine. The P = Q 
output is then fed back to the synchronous Clear input of the ’LS162. This will reset 
the counter to zero whenever this condition occurs. 


PLD Implementation 
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As stated before, the problem in programming a PLD is not in programming the 
fuses, but rather what fuses need to be programmed to generate a particular function. 
Fortunately, this problem has been greatly simplified by computer software. Before 
we examine these techniques, it is beneficial to explore the methods used in 
generating the logic equations. This will help develop an understanding and 
appreciation for these advanced software packages. 


From digital logic theory, we know that almost any type of logic can be implemented 
in either AND-OR-INVERT or AND-NOR form. This is the basic concept used in the 
PLD. This allows classical techniques, such as Karnaugh Maps! to be used in 
generating specific logic functions. As with the separate component example (see 
Figure 12), itis easier to break it into separate functions. The first one that we will 
look at is the clock selector, but remember that the overall goal will be to reduce this 
design example into one PLD. 
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Figure 12. _ Counter implementation with Standard Logic 

’LS253 "LS162 

SELO 
SEL1 CLK 
CLKA OUT 

CLK B 

CLK C 

CLK D 


BD 





PLD Selection 


Before proceeding with the design for the clock selector, the first question which 
needs to be addressed is which PLD to use. As discussed earlier, there are several 
different types of output architectures. Looking at our example, we can see that four 
flip-flops with feedback will be required in the 4-bit counter, plus input clock and clear 
lines. In addition, seven inputs plus two simple outputs will be required in the clock 
selector and comparator. With this information in hand, we can see that the 
TIBPAL16R4 (Figure 13) will handle our application. 


Clock Selector Details 


The first step in determining the logic equation for the clock selector is to generate 
a function table with all the possible input combinations. This is shown in Table 2. 
From this table, the Karnaugh map can be generated and is shown in Figure 14. The 
minimized equation for CLKOUT comes directly from this. 
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Table 2. 


Function Table 
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SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT 
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Figure 13. TIBPAL16R4 Logic Diagram 
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oat alaeataatatateataetatatateetalcatpateetelatateatealtattat 


It is important to notice that the equation derived from the Karnaugh map is stated 
in AND-OR notation. The PLD that we have selected is implemented in AND-NOR 
logic. This means we either have to do DeMorgan’s theorem on the equation or solve 
the inverse of the Karnaugh map. Figure 15 shows the inverse of the Karnaugh map 
and the resulting equation. This equation can be easily implemented in the 
TIBPAL16R4. 


Figure 14. Karnaugh Map for CLKOUT 
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$1,C,D 





CLKOUT = SiSOAKKH + SISOABEH + SISOKKCH + Sisok#dD 


CLKOUT = S1S0A + S1S0B + $1S0C + S1S0D 
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Figure 15. Karnaugh Map for CLKOUT 


$1,C,D 


CLKOUT = SiSOARYH + SisoKBEH + STSOXKCHK + SiSoKKKD 


CLKOUT = S1S0A + S1SOB + S1S0C + S1S0D 
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4-Bit Binary Counter Details 


The same basic procedure used in determining the equations for the clock selector 
is used in determining the equations for the 4-bit counter. The only difference is that 
now we are dealing with a present state, next state situation. This means a D-type 
flip-flop will be required in actual circuit inplementation. As before, the truth table is 
generated first and is shown in Table 3. 


Table 3.‘ Truth Table 





|_| PRESENT STATE NEXT STATE 
/CLR{Q3_ Q2 Q1 Q0{/Q3 aQ2 Qi ao 


X xX 
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~Oo-nr Om Om OF O-F OF" 0 0 X 
ons st et et eB erie ot OT 8TO 8CO OF FO Oo CO 
o7-7 sts ee oocTcost +4 + 0 CO OO CO 
oA =-oao0dn {0 08+ 4 002 + O02 28 
o-- or OF Or OF OF OO + Oo + SO 





ee ee ee Se o> Oe a oe om i op 2 o> BE o> BE am | 
~|}-2 004 +0024-5%4 00-4 = 00 


From the truth table, the equations for each output can be derived from the Karnaugh 
map. This is shown in Figure 16. Note thatthe inverse of thetruth table is being solved 
so that the equation will come out in AND-NOR logic form. 
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Figure 16. Karnaugh Maps 


CLR,Q3,Q2 CLR 
Q1,Q0 
Q3 Q3 











Q0 = CLA + Qo 
(a) Karnaugh Map for QO 
CLR,Q3,Q2 CLR 
Q1,Q0 
Q3 Q3 
\ 





| eee TERE | | Eee ewe | 
Q2 Q2 
Q1 = CLARA + Deez 0 + Dedixdedaiao 
Qi = CLA + Q1Q0 + Q100 


(b) Karnaugh Map for Q7 
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Figure 16. Karnaugh Maps (Continued) 
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Q2 = GLA + GGi + Q2Q1Q0 + G200 
(c) Karnaugh Map for Q2 
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Q3 = CLREdadadad + Dasa + HES Tad 
+ DRYQSAZA(AN + PxHQGA2Q100 


Q3 = CLR + Q3Q2 + Q3Q1 + Q3Q0 + Q3Q2Q100 
(d) Karnaugh Map for Q3 
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Binary/Decade Count Details 


Recalling from the example requirements that the counter should count in decade 
whenever the BD input is low, we can again generate a truth table for this function 
(Table 4). Since the counter is already designed to count in binary, we can use this 
feature to simplify our design. What we desire is a circuit whose output goes low, 
whenever the BD input is equal to a logic level 0, and the counter output is equal to 
count nine. This output can then be fed back to the CLR input of the counter so that 
it will reset whenever the BD input is low. Whenever the BD input is high, the output 
of the circuit should be a high since the counter will automatically count in binary. 
Notice that Q shown in the truth table is the function we desire. 


Table 4. Truth Table 


BD Q3 Q2 Qi a0 BD Q3 Q2 Qi Qo 


tik et ot ot UC hl othClCO OOO OCO COCO COO COO CO 
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—~-_-o0O 0-_“0 0-200, +00 
=—- O--7A O-7 O- O-r- O04. C0 {= 0 
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—~- O07 00 = 00+ 00 





In this particular example, a Karnaugh map is not required because the equation 
cannot be further simplified. The resulting equation is given below. 


BD OUT = BDQ3Q2Q1Q0 
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Fuse Map Details 
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Now that the logic equations have been defined, the next step will be to specify which 
fuses need to be programmed. Before we do this however, we first need to label the 
input and output pins of the TIBPAL16R4. By using Figure 12 as a guide, we can 
make the following pin assignments in Figure 17. 


PIN: 

1 CLK 20 Veco 

2 SELO 19 CLKOUT 

3 SEL1 18 NC 

4 CLKA 17 QO 

5 CLKB 16 Qi 

6 CLKC 15 Q2 

7 CLKD 14 Q3 

8 CLR 13 NC 

9 BD 12 BD OUT 
10 GND 11 OE 


With this information defined, we now need to insert the logic equations into the logic 
diagram as shown in Figure 17. 


It is now obvious that inserting the logic equations into the logic diagram is a tedious 
operation. Fortunately, several software programs are available to perform this task 
automatically. All that is required is to statewhich device has been selected and 
defining the input and output pins with their appropriate logic equations. The program 
will then generate a fuse map for the device selected. This information can then be 
down loaded into the selected device programmer. 
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Figure 17. Programmed TIBPAL16R4 
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PLD Design Software 


Software packages such as ABEL™, CUPL", and proLogic™ not only generate the 
fuse map, but they also help in developing the logic equations. In most cases, they 
can generate the logic equations from simply providing the program with either atruth 
table or state diagram. In addition, they can test the logic equations against a set of 
test vectors. This helps to ensure that the designer gets the desired function. 


As an example, we will approach our previous design utilizing DATA I/O’s ABEL 
package. The purpose here is not to train the reader how to use ABEL, but rather to 
give them a basic overview of this powerful software package. Figure 18 shows the 
source file required by ABEL. Note that the 4-bit counter has been described with a 
state diagram table. When the ABEL program is compiled, the logic equations will 
be generated. The equations for CLK OUT and BD OUT are given in their final form 
to demonstrate how ABEL will handle these. Also notice that test vectors are included 
for checking the logic equations. This is especially important when only the logic 
equations are given. 


Figure 19 shows some of the output documentation generated by the program. 
Notice that the equations generated for the counter match the ones generated by the 
Karnaugh maps. A pinout for the device has also been generated and displayed. The 
fuse map for the device has not been shown; however, the standard JEDEC fuse map 
thus generated can be down loaded into the device programmer to program the 
selected PLD. 


ABEL is a trademark of Data I/O Corporation 
CUPL is a trademark of LOGICAL DEVICES, INC. 
proLogic is a trademark of proLogic Systems Inc. 
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Figure 18. Source File for ABEL 


module BD COUNT flag ’-r2’ 


title ’4-bit binary/decade counter 


ICl device /Pl6R4’; 


” pin assignments and constant declarations 


CLK_IN,SELO,SEL1,CLKA 
CLKB ,CLKC, CLKD 
CLR,BD_IN,OE 

BD OUT,CLK OUT 


Q3,Q2,Q1,Q0 
CK, L, H, X, Z@ = 
OUTPUT 
” counter states 
SO=4p0000; S4=4pb0100; 
S1=4p0001; S5=4b0101; 
S$2=4p0010; S6=4b0110; 
S3=4pb0011; S7=4pb0111; 
equations 


” clock selector 


CLK OUT = CLKA & !SELO & !SEL1 # CLKB & !SEL1 & SELO 


# CLKC & SEL1 & !SELO # CLKD & SEL1 & SELO; 


pin 1,2,3,4; 
pin 5,6,7; 
pin 8,9,11; 
pin 12,19; 
pin 14,15,16,17; 
Meg: Og A 298 a Dee pl ~ aes 
[Q3,Q2,Q1,Q90]; 
S8=4b1000; $12=4b1100; 
S9=4b1001; S$13=4b1101; 
S10=4b1010; S$14=4b1110; 
$11=4b1011; $15=4b1111; 


” count nine indicator for decade counting 


BD_OUT = !(!BD_IN & Q3 


state_diagram [03,02,Q1,Q0] 
State SO: IF CLR == 
State Sl: IF CLR == 
State S2: IF CLR == 
State S3: IF CLR == 
State S4: IF CLR == 
State S5: IF CLR == 
State S6: IF CLR == 
State S7: IF CLR == 
State S8: IF CLR == 
State S9: IF CLR == 
State S10: IF CLR == 
State S11: IF CLR == 
State $12: IF CLR == 
State S13: IF CLR == 
State S14: IF CLR == 
State $15: IF CLR == 


test_vectors 


& 


oooo00ooe°coecnoocoo0ceoo 


‘clock selector’ 


({CLKA, CLKB, CLKC, CLKD, 


[(L , xX , xX, X 
[ H / Xx r xX , Xx 
[XxX , L , X, X 
[ X , H , X , X 
[X , xX , L, X 
[X , X , H , X 
[X , xX , X , L 
[X , & , xX, H 


? 


bi 


102 & 


THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 
THEN 


SEL1 


rooms sine ose oil mall endl oad ma) 


t 


a i i, i i, | 


SO 
SO 
SO 
So 
SO 
SO 
SO 
SO 


101 & QO); 
ELSE Sl; 
ELSE S2; 
ELSE’ S83; 
ELSE S4; 
ELSE $5; 
ELSE S6; 
ELSE S7; 
ELSE S8; 
ELSE S89; 
ELSE S10; 
ELSE S11; 
ELSE S12; 
ELSE S13; 
ELSE $14; 
ELSE S15; 
ELSE SO; 

ELO] -> CLK OUT) 
L ] -> ; 
L ] -> H; 
H ] -> L; 
H ] -> H; 
L J] -> L; 
Lj] -> H; 
H ] -> L; 
H ] -> H; 
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Source File for ABEL(Continued) 


test_vectors 


({CLK_IN, 


CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
CK, 
X, 
end BD_COUNT 


L, OL, 


a 


ps 0 Bw odd oa ae a a og ol ep ee ee 
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Figure 19. ABEL Output Documentation 


ABEL(tm) Version 1.00 — Document Generator 


-fcounter’ 
OE, CLR, 


DS DS TE DS Dd Dd OD OO OO OO | 


4-bit binary/decade counter 


Equations for Module BD COUNT 


Device ICl 


Reduced Equations: 


CLK OUT = !((SEL1 & SELO & !CLKD 
!SELO & !CLKC 
# (!SEL1 & SELO & !CLKB 


BD OUT = !(Q3 & 


Q3 


Q2 
Ot. + 
Q0 


= 
° 


# (SEL1 & 


BD_IN 
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[OUTPUT, 
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so, 
Sl, 
S2, 
S3, 
$4, 
$5, 
S6, 
S7, 
S8, 
s9, 
$10, 
$11, 
$12, 
$13, 
$14, 
$15 t 
so, 
2, 
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BD OUT}) 


# !SEL1 & !SELO & !CLKA)))); 


1(( 

# (103 & 
# (103 & 
# (103 & 


1Q2 
!Q1 
100 


# !CLR))))); 


1((Q2 & Ql & QO # (!1Q2 & !1Q1 # (102 & 


102 & !Q1 & QO & !BD_IN); 
((Q3 & Q2 & Ql & QO 


1((Q1 & QO # (!01 & !Q0 # !CLR))); 


1((Q0 # 


!CLR)); 


100 #¢# 
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Figure 19 ABEL Output Documentation (Continued) 
Page 2 


ABEL(tm) Version 1.00 Document Generator 
4—-bit. binary/decade counter 


Chip diagram for Module BD COUNT 
Device ICl 


CLK_IN U 4 
SELO [] 2 
SEL1 Uf 3 
CLKA Uf 4 
CLKB i 5 
CLKC II 6 
CLKD [I] 7 
CLR I 8 
BD_IN U9 
GND iJ 10 





end of module BD COUNT 


Reference 


1) H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction to Computer Logic. 
New Jersey: Prentice-Hall. Inc., 1975 
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IMPORTANT NOTICE 
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discontinue any semiconductor product or service without notice, and advises its customers to 
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Introduction 


There are a number of software products available to make logic designs easier and 
less cumbersome. With these software products, complex designs can be described 
using Boolean equations, truth tables, state machine diagrams and schematic 
capture methods available on most CAD systems. 


The ultimate function of these software products is to generate a JEDEC file of the 
original design and to program the targeted Programmable Logic Device (PLD). 
However, most software vendors provide more than a JEDEC file as an output from 
the software. This section will describe the attributes of a few of the popular logic 
design products. We recommend that the reader contact the specific manufactures 
to obtain the latest and most comprehensive information available. 


ABEL™ — Advanced Boolean Expression Language by DATA 1/0 Corporation: 


ABEL consists of a special-purpose, high-level language that is used to describe 
logic designs, and a language processor that converts logic descriptions to 
programmer load files — or JEDEC files. These files contain the information 
necessary to program and test programmable logic devices. 


Features of ABEL design language: 

£4 Universal Syntax for all PLDs 

Ly High-Level, Structured Design Language 
£4 Flexible Forms for Logic Description 


Boolean Equations 
Truth Tables 
State Diagrams 


4 Test Vectors for Simulation and Functional Testing of Programmed Parts 
Ly Time-Saving Macros and Directives 
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Some powerful features of the ABEL language processor: 


iiidlhooia 


Syntax Checking _ 

Verification That a Design can be Implemented with a Chosen Part 
Logic Reduction 

Design Simulation 

Automatic Design Documentation 

Creation of Programmer Load Files in JEDEC Format 


Between the ABEL design language and the language processor it becomes rather 
easy to design and test logic functions to be implemented with a PLD. For example, 
a three-input AND function with the inputs Q, R, and S and an output P could be 
designed using the following truth table: 


truth_table ”3-input AND gate” 


({ Q, R, S ] -> P) 
[ 0, .X.,.X.] —> 0: 


[ X, Pa Oe. —> 0 : 
[ X, .%.,.0.] —> 0 : 


[4i, 1, 1] —> 1: 


The .x. inthe table indicate don’t care conditions, and the output P is set to 1 only 
when all three inputs equal 1. The output could also be specified in simple Boolean 
operators and achieve the same result. In the following example « is the logical AND 
operator: 


P=Q &R & §; 
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More Boolean Operators 


rator_ _Examp! Descripti 

! 1A NOT: ones complement 
& A&B AND 

# A #B OR 

$ ASB XOR: exclusive OR 

1S A !S B XNOR: exclusive NOR 


ABEL allows designs to be described in the best possible manner to suit the logic to 
be implemented or in a manner suitable to the logic designer. In most cases the same 
description can be used for many different devices simply by changing the device 
specified. 


The logic design process using ABEL is shown in Figure 1. Beginning with the design 
concept, the designer creates the ABEL source file required by the language 
processor in order for it to generate the programmer load file. With the help of a text 
editor, the designer can create the source file which contains complete description 
of the logic design. The source file may also be created using DASH-ABEL to convert 
a DASH-generated schematic of a design. 
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Logic Design Steps: 


The source file is presented to the language processor which performs several 
functions to produce a programmer load file (in JEDEC) format and the required 
design documentation (see Figure 1). 2 


PARSE 
TRANSFORM 
REDUCE 
FUSEMAP 


DOCUMENT 


Checks the syntax of the source file and flags any errors. 
Converts the logic description to an intermediate form. 
Performs logic reduction. 


Creates the (JEDEC) programmer load file, which can then be 
downloaded to the logic programmer to program parts, or used to 
generate test vectors. 


Generates a listing of the source file, a drawing of the logic device 
pin assignments, and a listing of the programmer load file. 


Figure 1. Logic Design Steps with ABEL 


Design Concept 


Schematic 
Text Editor Capture 
DASH-ABLE 
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Design Examples 


The following design examples highlight two design entry methods, Boolean 
equations and State Diagrams. 


Three-State Sequencer 


The following design is a simple sequencer which demonstrates the use of ABEL 
state diagrams. The design is implemented in a TIBPAL16R4-10 device (P16R4). 
There is no limit to the number of states that can be processed by ABEL, but the 
number of transitions and the path of the transitions is limited. 


Figure 2 shows the sequencer design, with a bubble diagram showing the transitions 
and the desired outputs. The state machine starts in state A and remains in that state 
until the start input becomes high. It then transitions from state A to state B, from 
state B to state C, and back to state A. It remains in state A until the start input is 
high again. If the reset input is high, the state machine returns to state A at the next 
clock cycle. If this reset to state A occurs during state B, an abort synchronous 
Output goes high, and remains high until the machine is again started. 


During states B and C, asynchronous outputs in_B and in_c become high to 
indicate the current state. Activation of the hold input will cause the machine to hold 
in state B or C until hold is no longer high or reset becomes high. 


Figure 2. State Machine Bubble Diagram 


default with abort = 0 








reset with abort = 1 


hold & lreset 
default with abort: = 0 


with abort = 0 


default with abort = 0 


start & freset 
with abort: = 0 
hold & !reset 
with abort: = 0 


3-43 


SabuteSuSedateSetutete atudetoteadetete tate ohe Se faceSvtetatacate ade ee Suts tee tute tate atosetete Salute te tatese tee taut tote alate leteSe tein ataivietitedatatetatetataresvtetecatate ete Seletate te Setentetatetetecetatetetnsetesetetetetetetetatetetasetnseterateteteetadeteletatesatstaseaietaiute eteteteteceteseetedetatete ace tesete ate asese tate atete ete ateSe ace Sateletate ate em Sacetusetatete tesa ata ttetate Sete etate i tnteteteivintetenivietess 


Design Methodology 


Test Vectors 
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The sequencer is described by usingastate_ diagram section in the ABEL source 
file. Tne ABEL source file for the sequencer is shown in Figure 3. In this example, 
the design is given a title, the target device is specified, and pin declarations are 
made. The flag statement is used to select the level of reduction required. 
Constants are declared to simplify the state diagram notation. The two state registers 
are grouped into a set called sreg. The three states A, B, and C are declared with 
appropriate values specified for each. 


For larger state machines with more state bits, careful numbering of states can 
dramatically reduce the logic required to implement the design. Using constant 
declarations to specify state values saves time when later changes to these values 
are made. 


The state diagram begins with the state_diagram statement that names the set 
of signals to be used for the state register. The set to be used is sreg. 


Within the state_diagram, IF-—THEN-ELSE statements are used to indicate the 
transitions between states, and the input conditions that cause each transition. In 
addition, equations are written in each state that indicate the outputs required for 
each state or transition. 


For example, state A reads: 


State A: 
in Bo = 0; 
in C = QO; 
if (start & !reset) than B with abort := 0; 
else A with abort := 0; 


This means that if the machine is in state A and start is high, but reset is low, then 
the machine will advance to state B, but in another input condition the machine will 
remain in state A. 


The equations for in_B and in_C indicate that those outputs should remain low 
while the machine is in state A, while the equations for abort, specified with the 
with keyword, indicate that abort should go low if the machine transitions to 
state B, but should remain at its previous value if the machine stays in state A. 


The specification of the test vectors for this design is similar to those of other 
synchronous designs. The first vector puts the machine into a known state (state A), 
and the following vectors exercise the functions of the machine. The A, B, and C 
constants are used in the vectors to indicate the value of the current state, thus 
improving the readability of the vectors. 
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Figure 3. |The ABEL Source File for Sequencer 
title ’8-bit barrel shifter 
Gerrit Barrere Data I/O Corp Redmond WA 17 Oct 1987’ 
module sequence flag ’-r3’ 
title ’State machine example D. B. Pellerin ~— Data I/0’; 
dl device ‘plo6or4’; 
qi,q0 pin 14,15; 
clock,enab,start,hold,reset pin 1,11,4,2,3; 
abort pin 17; 
in: B, inc : pin 12,13; 
sreg = [ql,q0]; 
"State Values 
A= 0; B= 1; C= 2; 
state_diagram sreg; 
State A: ”" Hold in state A until start is active, 
in B = 0; 
in Cc = 0; 
IF (start & !reset) THEN B WITH abort := 0; 
ELSE A WITH abort := abort; 
State B: ” Advance to state C unless reset is active 
in B = 1; ”" or hold is active. Turn on abort indicator 
in C = 0; ”" if reset. 


[qO, ql] 


IF (reset) THEN A WITH abort := 1; 
ELSE IF (hold) THEN B WITH abort := 0; 
ELSE C WITH abort := 0; 


State C: “ Go back to A unless hold is active 
in B= 0; ” Reset overrides hold. 
in C = 1; 
IF (hold & !reset) THEN C WITH abort := 0; 
ELSE A WITH abort := 0; 
= !RESET 


test_vectors([clock,enab,start,reset,hold]—>[sreg.abort,in_B,in_C]) 


end 
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‘[ .c. , 0, 1 , O , Oj->[ A, O , 0, 0]; 
LG Oe. pe 1 ge OO Jeet: CB gy Ol & dey. O75 
[ .c. , O, O , 1 , OJ->f A, Ty, O, OY; 
[ .c. , 0, O , O , OJ->f A, Ly, DO, Of; 
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8-Bit Barrel Shifter 


This design example highlights the use of Boolean equations as design entry format 
using ABEL. Itis an 8-bit barrel shifter that includes a shift amount selector, an output 
control, and a device enable. The target device for this design is the 
TIBPAL20R8-XX. This design is described by only one Boolean equation. Figure 4 
shows a block diagram of the design. 


Figure 4. _—_ Block Diagram: 8-Bit Barrel Shifter 
D7 D6 D5 D4 D3 D2 Di DO 


12 E 
1 CLK 
10 oc 


Q7 Q6 Q5 Q4 Q3 Q2 Qi Q0 


Design Specification 


As shown in the block diagram above, the barrel shifter has 8 inputs (DO-D7), eight 
outputs (QO0-Q7), three select lines (10-12), a clock (CLK), an output control (OC), and 
an enable (E). On each clock pulse when E is high, the outputs show the inputs 
shifted by n bits to the right, where n is specified by the select lines. The bit shifted 
out of the barrel shifter on the rightis shifted in on the left, actually performing arotate. 
When E is low, the shifter outputs are then preset to 1. 


The output control, when high, sets all outputs to high impedance, without affecting 
the shift. This means that if a shift is selected while the output control is high, the shift 
still occurs, but it is not seen at the outputs. If the OC is then set low, the shifted data 
will appear on the outputs. 


Design Methodology 


Figures 5 and 6 show a simplified block diagram and the source file listing of the 
design respectively. Pins have been assigned so that the shifter outputs can be 
associated with the registered outputs of the targeted PLD. The inputs, outputs, and 
select lines are then assigned to sets which simplify notation. 


Figure 5. Simplified Block Diagram: 8-Bit Barrel Shifter 


Input 
E 
Sel CLK 
oc 


Output 
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One Boolean equation is used to describe the entire function of the barrel shifter. The 
equation is expressed in the sum of products form and assigns a value to the output 
set. Each product in the equation corresponds to one of the possible shifts and 
defines the outputs for that shift. 


Thus, the product term, 
(Sel==0) & ![D7,D6,D5,D4,D3,D2,D1,D0] 


defines that for a shift of 0, the inputs are transferred without a shift directly to the 
outputs. Similarly, the product term, 


(Sel==5) & ![D4,D3,D2,D1,D0,D7,D6,D5] 


defines that for a shift of 5, output Q7 gets the value of input D4, Q6 gets D3 and so 
on, corresponding to the correct shift of five places. Notice that the low-order input 
bits have been wrapped around, shifted out of the right side and into the left side. 


Sel can have only one value at a time, thus only one of the Sel == relational 
statements can be true at a given time, and only one of the product terms contributes 
to the sum of products. The OR of all the product terms is ANDed with the enable 
E so that when E is low, all the outputs are preset to 1. 


Both the output sets on the left side of the equation and the inputs on the right side 
of the equation are expressed as negative logic, which, in effect, gives active high 
logic. This is done to compensate for the ’PAL20R8s inverted outputs. The inverse 
of the inputs is available on the device. 
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Figure 6. | ABEL Source File for the 8-Bit Barrel Shifter 


module barrel 

title ’8-bit barrel shifter 

Gerrit Barrere Data I/0 Corp Redmond WA 17 Oct 1987’ 
P7095 device ’P20R8’ ; 
D7,D6,D5,D4,D3,D2,D1,D0 | Pin 2,3,4,5,6,7,8,9; 
Q7,06,05,04,03,92,01,Q0 Pin 15,16,17,18,19,20,21,22; 
Clk,OC,E,1I2,1I1,I10 Pin 1,13,23,10,11,14; 
Input = [D7,D6,D5,D4,D3,D2,D1,D0]; 
output = [07,Q06,Q5,04,Q3,Q2,Q1,Q0] ; 
Sel = [(I2,11,10]; 
H,L,C,Z = Oy wep ieee 

equations 


Output := E & ( (Sel == 0) & ![D7,D6,D5,D4,D3,D2,D1,D0] 
# (Sel == 1) & ![DO,D7,D6,D5,D4,D3,D2,D1] 


# (Sel == 2) & ![D1,D0,D7,D6,D5,D4,D3,D2] 
# (Sel == 3) & ![D2,D1,D0,D7,D6,D5,D4,D3] 
# (Sel == 4) & ![D3,D2,D1,D0,D7,D6,D5,D4] 
# (Sel == 5) & ![D4,D3,D2,D1,D0,D7,D6,D5] 
# (Sel == 6) & ![D5,D4,D3,D2,D1,D0,D7,D6] 
# (Sel == 7) & ![D6,D5,D4,D3,D2,D1,D0,D7}) ; 


test_vectors 
({Clk,OC, E, Sel, Input] -_> output) 
[ Cc, L, H, 0, 4b10000000] -> 4b10000000; ” Shift 
Cc, L, H, 1, “b10000000] -> 4b01000000; ” Shift 
C, L, H, 2, 4b10000000] —-> 4b00100000; ” Shift 
Cc, L, H, 3, “b10000000] -—> Ab00010000; ” Shift 
Cc, L, H, 4, %b10000000) -—> 4b00001000; ” Shift 
Cc, L, H, 5, %b10000000] -> 4b00000100; ” Shift 
Cc, L, H, 6, 4b10000000}] -—> 4b00000010: ” Shift 
Cc, L, H, 7, 4b10000000] -—> 4b00000001; ” Shift 


[ 
[ 
[ 
[ 
[ 
[ 
[ 
EG) “Lp Hp, O07 “BOLIL1I11). => AbOLIILS1is * shift 
PCy Ly He, Bp “BOLI. os AbDLOLIL III Shitt 
[Cy by Hp 3, “DOLILIL11). —>-4511101111; ” :shiftt 
[c, lL, H, 7, b01111111] -> 4b11111110; ” shift 
[ 
[ 
[ 
[ 


C, L, H, 1, 4b00000001} —> 4b10000000; ” Shift 1/wWrap 
C, Lb, H, 1, %b11111110] -> 4b01111111; ” Shift  1/wrap 
Cc, L, L, 0, 4b00000000] -> 4b11111111: ” Preset 

C, H, H, 0, 4b00000000} -> Z; " Test High Z 


SNS Wr OO ND UF WN FO 


end 
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Other PLD Design Software Products 


Below is a short list of some of the popular PLD design software products available 
to logic designers. They are all PC based and can be installed on your IBM PC™ or 
compatible. 





CUPL™ — by Logical Devices Inc. 
PLDesigner™ — by MINC Inc. 


proLogic™ — by proLogic Systems Inc. 


CUPL 


CUPL, like ABEL, is a universal Computer Aided Design (CAD) tool that supports 
PLDs. It has utility files that facilitate conversion of designs done in other design 
software environment to the CUPL design environment. CUPL also produces a 
standard programmer load file in JEDEC format, thus making it compatible with logic 
programmers that accept JEDEC files. 


Features of CUPL design language: 
£3 Flexible Forms for Design Description 


Boolean Equations 
Truth Tables 
State Diagrams 


fy Expression Substitutions or Time Saving Macros 


This involves the assignment of names to equations and having the software 
do the substitution any time the assigned name is encountered during the 
compile process. 


Cy Shorthand Features Offered by CUPL 


List Notation; This nested directive 
[A4,A3,A2,A1,A0] 

can be represented as 
[A4..0] 

Bit Fields; A group of bits may be assigned to a name as in 
FIELD ADDR = [A4..01] 


Also available in CUPL are the use of Distributive property 
where 
A & (B # C) 
is replaced with 
A&B#HAEC 
DeMorgans Theorem 
where 
(A & B) 
is replaced with 
1A # !B 
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Some Features of the CUPL Language Processor: 
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CUPL provides design templates which allow designers to just fill-in-the-blanks when 
originating a design. Free form comments can also be used throughout the design. 


Error checking with detailed error messages directs designers to the source of 
problems during debugging. 


Logic Reduction Capabilities available on CUPL offers a choice of several 
minimization levels from just fitting a design into a target device to the absolute 
minimum. 3 


Design Simulation is accomplished using the CSIM feature. This feature allows 
designers to check the workability of their designs before a part is programmed. 
Functional simulation can be done at the programmer when test vectors are 
provided. 
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The PLDesigner is a universal logic design synthesis tool for designing with PLDs. 
It features: 


GO A High-Level Behavioral Language 

Algorithmic Design Entry for State Machine Designs 
Waveform Design Entry for Glue Logic 

Design Simulation With Automatic Test Vector Generation 


a oe ee 


Automatic Device Selection and Design Partitioning Across Multiple Device 
Architectures 


[y A Device Library of Over 2,000 Devices. 


A fundamental difference between PLDesigner and other products is that the design 
phase is separate from the device selection phase. You can complete a design before 
a device, or devices, are selected. This allows you to concentrate on design and 
simulation. No longer is it necessary to limit your design to a single device, or to select 
a device before starting the design. 


System Requirements 


PLDesigner operates on an !BM PC or compatible with an MS-DOS™ or PC-DOS™ 
operating system, Version 2.0 or later. A hard disk and 640K RAM memory are 
recommended. A CGA, EGA, Hercules, or monochrome display may be used. A 
mouse and printer are optional. 
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Figure 7. Logic design Steps with PLDesigner 
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proLogic 


Figure 8. 
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ProLogic is a logic design software tool from Texas Instruments used to design and 
program PLDs. This design software development package quickly converts your 
logic design to a programmer load file in the standard JEDEC format. prologic has 
the flexibility to allow you to describe the logic design in any of the following formats: 


Cy Boolean Equations 
Ck =Truth Table 
fi State Diagrams 


It should be noted here that, not only can a design be entered in any of the above 
methods, you can design various sections of the design in any of the three formats 
shown above, and proLogic has the ability to unify the various sections and process 
them as one design. 


The proLogic compiler is capable of performing functional simulation when test 
vectors are provided. The simulator uses the fuse list portion from the JEDEC file to 
create a functional device model. It can then execute the simulation vectors against . 
this model. The results are automatically placed in a file for evaluation. 


PLD Design Flow using proLogic Design Software 
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Programming Texas Instruments 
Programmable Logic Devices 


TEXAS 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl’s standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing , 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that Ti products are not intended for use in life-support appliances, devices, or 
systems. Use of TI product in such applications requires the written approval of the appropriate 
TI officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss oflife. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of Tl products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1992, Texas Instruments Incorporated 
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This report is intended to introduce the user to the fuse technologies used in Texas 
Instruments (TI) Programmable Logic Devices (PLDs), the measures taken by TI to 
provide devices with the highest possible programming yields, and the steps users 
can take to ensure good programmability. 


How a Fuse is Programmed 


Programming Algorithm 


Each programmable logic device family requires a unique algorithm for fuse 
programming and verification on commercial programming equipment. The 
algorithm is a combination of voltage and timing required for addressing and 
programming fuses in the user array. 


The PLD’s programming circuitry is enabled by pulsing one or more pins to a super 
voltage level (10.5 volts). Once the programming circuitry is enabled, inputs become 
addressing nodes for the input and product lines within the PLD. The actual fuse link 
is at the intersection of the input and product lines. Once the fuse is addressed, the 
fuse can be programmed by pulsing the output associated with the location of the 
fuse link. A fuse can be verified to be programmed by enabling the programming 
circuitry, supplying the fuse address to the device’s inputs, and reading the level of 
the device’s output. 


Bipolar Fuse Technology 


Figure 1 shows a top and side view of a fusein a bipolar PLD before it is programmed. 
Titanium-Tungsten (TiW) is used for the fuse or metal link programming element. The 
ideal thickness for this programming element is about 500 angstroms. Titanium- 
tungsten is also used as a barrier metal over contacts to prevent direct aluminum 
contact to silicon. To prevent aluminum diffusion during high-temperature 
processing, the ideal thickness of the barrier metal is about 2000 Angstroms. TI’s 
two-step link process allows both the barrier thickness and the fuse thickness to be 
at the ideal. The net result is a higher reliability and better programming yields. 


When a device is programmed, the fuse location is selected. The fuse element at the 
selected location is then opened by the programmer passing a current through the 
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Figure 1. 


Figure 2. 


titanium-tungsten fuse element that violates the current density limit for the element. 
This current flow heats the fuse element to approximately 2,100°C at which point the 
element is in a molten state. The metal migration which results from the heat of this 
out-of-limit current stress causes a gap in the fuse element. ' 


As shown in Figure 2, the high temperature at the fuse element’s gap causes two 
actions to occur. The fuse element’s TiW material oxidizes so as to leave the metal 
on both sides of the gap non-conductive. Also, the heat associated with 
programming, causes the Silicon Dioxide (SiOz) above the fusing element to flow 
into the gap. This proven fuse technology has eliminated the fears of fuse grow back 
as a failure mechanism in PLDs. 


Before Programming 







SIDE VIEW 


aatatateteteatetstatetatatatatatatetatetatetatetatolatatatatetatatetatatetatetatetetatetatatgtatatatatetctstatetatatatetatatatatats 





Al 
TiW (Barrier TiW (Barrier) 


TIW (Fuse) 


TOP VIEW 


After Programming 


SIDE VIEW 





TIW (Fuse) 





TOP VIEW 


tt 


Oxidized TIW 


EPLD Programming Technology 
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Texas Instruments CMOS PLDs employ a process technology similar to EPROM 
devices. When compared to the bipolar fusible link technology, the FAMOS 
(Floating-gate, Avalanche-injection MOS) transistor used by EPROMsS replaces the 
fusible link. This permits the programmability function in the same way as the fuse. 


The FAMOS transistor resembles an ordinary MOS transistor except for the addition 
of a floating gate buried in the insulator between the substrate and the ordinary 
select-gate electrode as shown in Figure 3. The programming of the FAMOS 
structure is performed by capacitively coupling the select gate in series with the 
floating gate. Hot electron injection onto the floating gate occurs by pulling the select 
gate to the programming voltage and the drain of the FAMOS transistor to the 
programming voltage minus several threshold drops. As shown in Figure 4, this 
serves to alter the threshold voltage of the select gate. 





Figure 3. 


Figure 4. 
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Once programmed, the FAMOS transistor retains the electron charge or data 
pattern, until exposed to an integrated dose of ultraviolet light with a wavelength of 
2,537 angstroms. This uv light will erase the charge by giving the electrons enough 
energy to scatter from the floating gate. This returns the threshold voltage of the 
select gate back to its original value or unprogrammed state. After erasure, the 
device is ready for reprogramming. The reprogrammablity feature of Erasable PLDs 
allows the devices to be used for many programming iterations which are often 
required in the user’s design and prototype stages. 


Views of an Floating Gate EPROM Cell 
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The threshold voltage determines whether it is sensed as the nonconducting 
programmed state or erased. The charge in threshold corresponds to the shift down 
in the select-gate voltage to drain current transfer characteristic. 
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Programmer Approval 


Programming Algorithm Specifications 
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In order to achieve satisfactory programming yields for PLDs, it is critical that device 
programmers adhere to the programming algorithm specifications as defined by 
Texas Instruments. Each specification contains detailed step-by-step programming 
procedures, input and product line addressing procedures, waveform diagrams, and 


_ minimum and maximum voltage and timing tables. Because of the complexity of the 


programming algorithms and the need to control and update the specifications, 
Texas Instruments maintains programming algorithms in a specification system 
separate from the PLD Data Book. 


Tl currently sends specifications and specification updates to most programmer and 
software manufacturers, and challenges each to work with TI to provide our mutual 
customer with approved programming support to guarantee them with the best 
possible programming yield. 


Texas Instruments reserves the right to approve programming algorithms contained 
in commercial programming equipment, and recommends that customers only use 
approved programming support. 


Approved programming support means that Tl has evaluated the programming 
algorithm, has verified critical timing paths and voltage levels, and has performed 
yield analysis testing. Approvals are granted by device and are thoroughly 
documented. 


These measures are taken to ensure that Tl’s customers receive the best possible 
programming yields when using TI PLDs. 
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Evaluation and Approval Methods 


Programmers are evaluated by Tl’s programmablelogic applications. The evaluation 
includes the following: 


C4 Measure Voltage Levels for Accuracy and Repeatability 
[a Measure Critical Timing Paths 

Li Evaluate System Power Supply and Grounding 

Ck Yield Analysis 


_ Templates and oscilloscope printouts are used to document all measurements and 
are maintained permanently on file. Approvals are granted by device or algorithm and 
documented by letter to the programmer manufacturer. 


Approved Programmer Support 


Approved programmer support is documented in the T/ Programming Reference 
Guide, and on the Ti PLD Bulletin Board (214) 997-5665. To subscribe to the 
Programming Reference Guide, simply contact the Tl PLD Hotline (214) 997-5666 
or your local TI field sales representative. 


Texas Instruments recommends that customers use only approved programming 
support. Approved programming support ensures the user.. 


L4 The best possible programming yield is being achieved because the 
programming algorithms were evaluated and closely scrutinized. 


La Tl guarantees 100% programming yield if approved programmers are used, any 
fallout can be returned for full credit. 


C4 Tl applications engineers are available to interface with programmer 
manufacturers for you on any programming issues or concerns. 
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Helpful Hints for Good Programmability 
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1) 


2) 


3) 


4) 


5) 


6) 


Follow accepted standards for ESD protection — remember the additional 
handling requirements in customizing PLDs make them more susceptible to 
ESD damage. | 


Equipment, personnel and work surfaces should be grounded 


Air ionization is recommended when handling static sensitive devices 
outside of protective containers. 


Misaligned connectors and worn sockets can contribute to poor programming 
yield. Be aware of the manufacturers specification for number of insertions and 
be sure sockets are replaced frequently to ensure proper contact. 


Ensure you are using the latest update. Most programmer manufacturers offer 
update and repair services to their users. The cost of the service is typically not 
much more than the cost of a single update and the manufacturer may update 
four or more times per year. Tl recommends the user subscribe to this service. 


Revisions could improve yield. Tl continuously works with programmer 
manufacturers on yield improvement. 


New devices may be supported. 


Programming equipment should be calibrated. Calibration is typically included 
with the update and repair services previously discussed. Tl recommends no 
less than two calibrations per year. | 


Highest possible yields 
Avoid device damage 


Verify the correct family pinout codes or device entry codes are being used. It 
is important to understand that different algorithms may be needed for different 
speed versions of the same function. 


Use only TI evaluated and approved programming equipment to ensure the 
highest possible programming yield and quality level. 


Test Considerations for PLDs 


i. 
INSTRUMENTS 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl’s standard warranty. Testing and other quality control 
techniques are utilized to the extent T! deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that TI products are not intended for use in life-support appliances, devices, or 
systems. Use of T! product in such applications requires the written approval of the appropriate 
Tl officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss oflife. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of T! products in such applications is understood to be fully at the risk of the 
customer using T! devices or systems. 


TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1992, Texas Instruments Incorporated 


TRADEMARKS 


Logic Fingerprint is a trademark of Data I/O Corporation. 
IMPACT is a trademark of Texas Instruments Incorporated. 
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Programmable Logic Device (PLD) architecture establishes some unique 
characteristics. Because PLDs do not have the functional needs for address pins as 
found in a PROM, the array must be addressed for programming through the use of 
super voltages (10. 5 volts). Since the programming and verification circuitry are not 
the same as the functional circuitry, verification of the array fuses does not ensure 
total functionality. For this reason, there are two customer yield points to be 
considered for a PLD, 1) programmability yield, and 2) functionality after 
programming. Texas Instruments (Tl) thoroughly tests PLDs in its factory; however, 
many users find the need to test after programming to achieve the highest quality 
levels. 


The objective of this report is to provide the PLD user with an insight as to what kind 
of testing is performed at T! prior to shipment of programmable logic devices, and 
to assist you in the evaluation of your testing alternatives after programming. 


Designed-In Factory Testability 


Texas Instruments has designed testability into its bipolar PLDs through the addition 
of test input and test productlines. Utilizing the same circuitry as the main array fuses, 
a test pattern is programmed into the test array fuses which address and program 
at least one fuse in each input and product line. In addition to verification of the main 
fuse array, the test lines provide a further programmability checkpoint for each 
device. These same test lines enable TI to perform functional, static (dc), and 
dynamic (ac) parametric testing on every packaged device. 


Figures 1 and 2 are simplified diagrams of the test circuitry for the TIBPAL16XX 
series devices. Note that the test lines allow testing of actual input and output 
circuitry; therefore, all guaranteed specifications can be tested. Dynamic testing 
through the test circuitry is closely correlated to worst case paths and should 
eliminate the need for ac testing at the customers incoming inspection. 
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Figure 1. | Additional Input lines 
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By using the test input lines, all outputs may be toggled and the speed can be checked 
from one input to all outputs. 


Figure 2. Additional Product Lines 
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By using the test product lines Tl can check every input and implement dynamic test 
from every input to one output. 
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User Testability Features 


In addition to the designed-in testability features used in factory testing, features 
were also added to simplify user testability. Table 1 lists user testability features 
offered on TI programmable logic devices and associated software products 
available to assist the user with testing PLDs. 


Register Preload 


This feature allows the user to preload the output registers to known states prior to 
applying data at inputs and/or I/Os and clocking. 


Preload can be implemented by writing preload vectors in more popular logic 
compilers following logic equations or can be automatically generated by using 
automatic vector generation software. Most commercial programmers used for 
functional test support the use of preload vectors. | 


The real advantage of register preload is that it allows the user to fully test the more 
complex codes. 


Power-Up Clear, Set or Reset 


Power-up clear, set, or reset enables the user to know the state of the register at 
power up. Again, this is a key feature for testability as it allows the user writing test 
vectors or the automatic vector generation software with a starting point for register 
intensive designs. Table 1 shows the power-up state of the register and resulting 
state at the output. 


The user can also contribute to the testability of the design by utilizing other features 
of the PLD. 


Unused Inputs / Product Lines 


Unused inputs and product lines can be used to implement set, reset, clear, etc... 
functions to register intensive designs which are often hard to test. Often register 
designs have unused input pins, as well as product lines available for implementing 
these functions. 


Enable on Combinational Outputs 


Combinational outputs have one product line available for implementing the enable/ 
disable function. The key advantage can be seen during board testing where devices 
need to be isolated from each other. By disabling the output of the PLD, the user can 
force input conditions from the external source to the devices being driven by the 
PLD. 
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Table 1. | User Testability Features 


VECTOR GENERATION 
SOFTWARE SUPPORT 

DEVICE SPEED REGISTERED REGISTERED POWER-UP POWER-UP AVIL DATA VO | 
FAMILY DESIGNATOR PRELOAD OUTPUTS AT REGISTER AT OUTPUT ATG PLDOTEST+ 
TIBPAL16L8 -5/-7/-10 NA 0 NA NA 2.23 1.0 
TIBPAL16R4 -5/-7/-10 YES 4 L H 2.23 1.0 
TIBPAL16R6 -5/-7/-10 YES 6 L H 2.23 1.0 
TIBPAL16R8 -5/-7/-10 YES 8 L H 2.23 1.0 
TIBPAL16L8 -15/-25 NA 0 NA NA 2.23 1.0 
TIBPAL16R4 ~15/-25 - 4 H L 2.23 1.0 
TIBPAL16R6 -15/-25 _ 6 H L 2.23 1.0 
TIBPAL16R8 -15/-25 - 8 H L 2.23 1.0 
TIBPAL20L8 -5/-7/-10 NA 0 NA NA 2.23 1.0 
TIBPAL20R4 -5/-7/-10 YES 4 L H 2.23 1.0 
TIBPAL20R6 -5/-7/-10 © YES 6 L H 2.23 1.0 
TIBPAL20R8 -5/-7/-10 YES 8 L H 2.23 1.0 
TIBPAL20L8 -15/-25 NA 0 NA NA 2.23 1.0 
TIBPAL20R4 ~15/-25 YES 4 L H 2.23 1.0 
TIBPAL20R6 -15/-25 YES 6 L H 2.23 1.0 
TIBPAL20R8 -15/-25 YES 8 L H 2.23 1.0 
TIBPAL22V10 IA YES 10* L H/L 2.23 1.0 
TIBPAL22V10 -5 YES 10* L H/L _ ~ 

_ TIBPAL22V10 -7/-10 YES 10* L H/L 2.23 1.0 
TIBPAL22V10 -15B YES 10* L H/L |} 2.23 1.0 
TIBPAL22VP 10 -20 YES 10* L H/L 2.23 - 
TICPAL16L8 -55 NA 0 NA NA 2.23 1.0 
TICPAL16R4 -55 YES 4 NA NA 2.23 1.0 
TICPAL16R6 -55 YES 6 NA — NA 2.23 1.0. 
TICPAL16R8 -55 YES 8 NA NA 2.23 1.0 
TICPAL22V 102 -25/-30 YES 10* ~ _ 2.23 1.0 
TIB82S105 B - 8 H H | 2.23 - 
TIB82S167 B - 6 H H 2.23 - 
TIBPLS506 - - 8* L H 2.23 - 
TIB82S167 _ - 8* L H 2.23 - 
EP330 — -1.2/-15/-25 - 8" . NA NA 2.23 ~ 
EP630 -15/-20/-25 - 16* NA NA 2.23 - 
EP1830 -20/-25/-30 ~ 48" NA NA 2.23 ~ 


* = User Configured 
NA = Not Applicable 
All CMOS PLDs are erasable for repeated programmability. 
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Pid Testing Options 


Fuse Verification / Checksum 


Checksum testing verifies array fuses to be intact or blown. Each fuse location is 
assigned a value of 1, 2, 4, 8, 16, 32, 64, or 128. The checksum is the sum (in 
hexadecimal) of the values of positions with blown fuses. As previously discussed, 
checksum testing or fuse verification only tests for the state of the fuse and exercises 
programming circuitry only. The functional circuitry is not tested. 


Structured Vector Testing 


Structured vector testing, utilizing the software packages shown in Table 1 or 
generated manually at design conception, allow the user to apply structured test 
vectors (see Figure 3) to the device either on device programmers or testers. 
Figure 4 shows how to implement preload into your vector test. 


Fault coverage of structured vectors is graded and documented so the user knows 
how much coverage is used for the design. A fault is simply a potential for device 
failures. Faults graded include logic faults as well as fuse faults. 


Logic Faults — Check affected gates for S-A-0, or stuck low, and S-A-1, or stuck high. 
Figure 5 Illustrates logic faults. Fuse Faults — Check each fuse for intact or blown. 


Structured vectors are generic so they can be applied to all manufacturers PLDs of 
like function (e.g. 16L8, 22V10, etc ... ). Structured vector testing ensures the 
functionality of the design, and can be performed on the device programmer. 
Structured vector testing should be considered the minimum amount of testing 
required prior to application. 


Signature Analysis / Logic Fingerprint™ / Random Vector Test 


Signature analysis or fingerprint testing is sometimes seen as an alternative to 
structured vector testing. The test applies a predetermined or pseudo-random vector 
set to the inputs of a known good device and memorizes the output responses. 
Subsequent devices are tested against the master. Potential problems exist with this 
type of testing. 


[4 Master device could be defective resulting in the acceptance of bad devices 
and/or rejection of good devices. 


Registered devices may never initialize 


Outputs may never be put in the correct states to ensure correct feedback (only 
structured vectors ensure correct feedback) 


Oscillating conditions not controlled (structured vectors can void oscillations) 


Oo aoa 


Different manufacturers use different power up / preload conditions 
Ch Percent of coverage is unknown 


The best case could yield an adequate functional test while the worst case may test 
little or nothing. 
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Figure 3. Test Vectors (standard JEDEC form) 


voool C1XO0O01LOLONOLLHZHL11N* 
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pn} 
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Pin 20 
SYMBOLOGY 
= Clock . H = Expect High 


Drive Low L 
Drive High Z 
= No Connect xX 
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Figure 4. | Preload Implementation — ’16R8 


Disable Registers 
Force Register to 
Known State 
P Indicates Preload | : 
vV0001 PXXXXXXXXN100110011N* 
V0002 C0OX100001NOLLHHLLHHN* 
Apply Input _f Expect Output 
Conditions and Clock Conditions 


Enable Registers 


Figure 5. Fault Grading 


Structured Test Vectors can be Applied to Detect 


S-A-—1 Fault: Circuit node ignores input stimuli 
remains at a high or 1 state 


T 

1 1 it 1 (Actual) 
} 0 (Expected) 

S —-A-—0 Fault: Circuit node ignores input stimuli 

remains at a low or 0 state 

tT 
0 of of 0 (Actual) 
: 1 (Expected) 
t = Nodes checked 
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Static (dc) Parametric Testing 


Static parametric testing includes structured vector or functional testing as described 
previously plus the testing of critical current/voltage parameters to ensure they meet 
the specifications prescribed by the Tl data book. 


The testing of dc parametrics, such as input and I/O leakage currents, output high 
and low voltages under static loading, power supply current, etc... will only improve 
the quality of the PLD going into the application by ensuring that devices which are 
functional were not damaged due to ESD (electrostatic discharge) or EOS (electrical 
overstress) during the customization process. 


Static parametric testing can not presently be performed on device programmers and 
therefore requires the use of automatic test equipment (ATE). Static parametric 
testing coupled with structured vector testing should provide the user an optimum 
test with a medium investment. 


Dynamic (ac) Testing 


Dynamic testing ensures that the PLD meets all the speed requirements of the 
design. A good ac test measures propagation delay time through all possible paths 
and, when coupled with functional and dc parametric testing, provides the ultimate 
PLD test. 


_ There are two types of ac testing to be considered: functional ac and measurement 
ac testing. Functional ac testing becomes a popular test method for PLDs. This 
method applies structured test vectors and sets strobes to ensure transitions occur 
with proper timing. Functional ac testing performs a good job of simulating the actual 
design if structured vectors with good coverage are used. 


In contrast, measurement ac testing tests and measures all speed parameters 
utilizing all possible input and output combinations. This type of testing is typically 
only available from the factory as it requires another level of vector grading and 
dedicated engineering resources. 


Dynamic testing usually requires a large investment by the user in not only hardware, 
but also in engineering time in the development of extensive test programs, bench 
to tester correlation, load boards, vector software, etc... 


Texas Instruments performs extensive worst case code characterization prior to 
device release. Each device shipped from Tl undergoes ac testing using the device’s 
test rows and test columns. Many users find post programming ac test does notjustify 
the payback in terms of a higher level of quality. 
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Why Test After Programming? 


Programming 


Handling 


Custom Function 


Test vs Rework 
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As previously discussed, verification of the fuse array following programming does 
not ensure total functionality; therefore, the user must determine what amount of 
testing is required after programming. The following concerns should be considered. - 


Programming exposes the device to super voltages (up to 10.75 volts) and currents 
high enough to overstress devices. Tl PLDs are designed to withstand these 
conditions, however, all leakage current parameters should be tested to eliminate 
the risk of electrical overstress. 


An uncalibrated programmer can expose devices to voltages/currents outside 
specified ranges. 


In addition to programming, most users designate their custom function which was 
programmed into the PLD through labeling or marking. The added handling required 
to program and customize the PLD increases the chances for ESD (electro-static 
discharge) damage unless strict adherence to ESD protection procedures is 
observed. 


TI goes to extreme measures to ensure device functionality and performance, 
however, each user design is acustom function and should be treated as such during 
final testing prior to application. 


Figure 6 compares the impact of testing on board rework and, consequently, man- 
ufacturing cost. This illustration compares no testing vs. functional and dc parametric 
testing. Using conservative figures for rework cost, the data shows rework cost due 
to untested PLDs can exceed one dollar per PLD used. A similar analysis of the 
user’s application may show a cost savings which would result from testing after 
programming. 
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Figure6. Test verses Rework 
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TI Programming And Test Services 


What services are offered by your PLD manufacturer? Texas Instruments provides 
its customers with a three phase service program which provides for programmed 
and tested PLDs of the highest quality (see Figure 7) direct from the factory or 
through TI’s authorized distributors. 


Factory Programmed and Tested PLDs 


TI has the capability to support run rates greater than 1 000 parts per code per month 
with factory programmed and tested PLDs. TI generates structured test vectors and 
performs 100% functional, dc parametric, and ac testing on PLDs programmed to 
your custom logic function. Custom symbolization is also included in the factory 
programmed PLD flow, thereby delivering ship-to-stock and/or ship-to-WIP product. 


impact Design and Services Centers 


Texas Instruments took the leadership role in the provision of program and test 
services to its customers by implementing the Impact Center approach in 1986. The 
Impact Centers offer the customer a local quick turn production resource with factory 
quality programming, marking, and testing on Tl owned and maintained equipment. 
Strict adherence to TI’s ESD protection guidelines is maintained. Production 
specifications remain under TI control and operations are continuously audited by 
Ti. 


Endorsed Program and Test Centers 
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An extension of the Impact Center philosophy, an endorsed center is a distributor 
funded program and test facility which meets or exceeds TI specifications. Each 
center has the capability to program, mark, and test PLDs. Production flows are 
approved to guarantee the user receives devices of ship-to-stock quality. Thecenters 
are audited biannually to ensure compliance. 


Tables 2 lists the Tl Impact Centers. An updated listing for Endorsed Centers may 
be obtained through the TI PLD Bulletin Board (214) 997-5665, the Tl PLD Hotline 
(214) 997-5666 or your local TI Sales Representative. 
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Figure 7. Tl Programming Logic Services 
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Ti Impact Design and Service Centers 


Design and programming assistance is offered by Texas Instruments IMPACT™ 
Design and Service Centers. The centers are equipped with the latest in software and 
hardware tools for design, debugging, creating prototypes, and production on alocal 
basis. Supported by a professional engineering staff, the centers provide complete 
code development, device programming, symbolization, functional and static (dc) 


parametric testing. 


Anthem Electronics, Inc. 
1160 Ridder Park Drive 
San Jose, CA 95131 
(408) 453-2200 


Arrow/Schweber Electronics, Inc. 


17822 Gillett Avenue 
Irvine, CA 92714 
(714) 587-0404 


Arrow/Schweber Electronics, Inc. 


4250 River Green Parkway 
Suite E 

Duluth, GA 30131 

(404) 497-1300 


Hall-Mark Electronics Corp. 
1 Mauchly 

Irvine, CA 92715 

(714) 727-6000 


Hall-Mark Electronics Corp. 
6 Cook Street 

Pinehurst Park 

Billerica, MA 01821 

(508) 667-0902 


Anthem Electronics, Inc. 
373 Inverness Drive South 
Englewood, CO 80112 
(303) 790-4500 


Arrow/Schweber Electronics, Inc. 
1180 Murphy Avenue 

San Jose, CA 95131 

(408) 441-9700 


Arrow/Schweber Electronics, Inc. 
665 Spice Island Drive 

Sparks, NV 89431 

(800) 777-Arrow 


Hall-Mark Electronics Corp. 
2105 Lundy Avenue 

San Jose, CA 95131 

(408) 432-4000 


Hall-Mark Electronics Corp. 
11420 Pagemill Road 
Dallas, TX 75243 

(214) 553-4300 
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TI Impact Design and Service Centers (Continued) 
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Marshall Industries 
9320 Telestar 

El Monte, CA 91731 
(818) 307-6208 


Marshall Industries 

33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 


Wyle Electronics Marketing Group 
5191 Oceanus 

Huntington Beach, CA 92649 
(714) 863-9953 


Wyle Electronics Marketing Group 
452 East 124th Avenue 

Thornton, CO 80241 

(303) 457-9953 


Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 


Marshall Industries 
2045 Chenault Street 
Carrollton, TX 75008 
(214) 233-5200 


Wyle Electronics Marketing Group 
3000 Bowers Avenue 

Santa Clara, CA 95051 

(408) 727-2500 


Wyle Electronics Marketing Group 
1810 Greenville Avenue 

Dallas, TX 75081 

(214) 235-9953 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with TI’s standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that T! products are not intended for use in life-support appliances, devices, or 
systems. Use of Tl product in such applications requires the written approval of the appropriate 
Tl officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of Tl products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright © 1992, Texas Instruments Incorporated 


TRADEMARKS 


PAL is a registered trademark of Advanced Micro Devices Inc. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
EPIC is a trademark of Texas Instruments Incorporated. 
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Introduction 


Texas Instruments (TI) is pleased to provide pertinent information to assist in qualifying your Tl Programmable Logic 
Devices (PLDs). Included is information on the steps TI takes to ensure quality of the PLD products. The following 
pages contains characterization data, packaging information, process, and die information for Tl PLDs. 


The TI IMPACT-X™ family includes both 20- and 24-pin standard architectures available in three speed selections. 
The TIBPAL22V10-15C and programmable sequencers are also manufactured with IMPACT-X™ technology. The 
TIBPAL22V10-15C provides a more flexible architecture than the standard PLDs and has become a standard of its 
own. The programmable sequencers, TIBPSG507AC and TIBPLSSO6AC, offer a unique architecture suited for large 
state machines and complex timing generators. 


The Texas Instruments High-Speed 1-um CMOS technology is used for a zero power version of the popular ’22V10 
architecture as well as our EPLD series which includes the EP330, EP630, and EP1830. These devices offer 
high-speed performance, low-power consumption, and superior design flexibility. 


All TI bipolar devices use a titanium-tungsten (TiW) fuse technology developed at T] in 1970 to improve programming 
reliability. Proven TiW construction essentially eliminates the tendency of a fuse to grow back by insulating it with a 
layer of titanium oxide. The CMOS products employ an EPROM type poe using a FAMOS transistor as the 
programmable element. 


For more information on Tl’s programmable logic family contact your local T| Field Sales Office, Authorized Distributor, 
or by calling Texas Instruments at (214) 997-5666. 


PLD Average Outgoing Quality 


The quality of a product is its degree of conformance to its specified parameters. It pertains to the probability of 
defective units existing in a given lot of devices when received by the user. Although zero defects is the goal, the 
probability of some level of defective units still exists in any lot of mass produced items. The number of defective units 
received by the user is a function of the average outgoing quality achieved by the supplier. Tl’s outgoing quality is the 
index that quantifies the average number of defective components in all the products supplied. Average outgoing 
quality is expressed in number of defective parts per million (ppm). 


TI monitors Average Outgoing Quality (AOQ) by the standard formula : 


# rejections 


noe total # tested 


x (1—LRR) 


where LRR is the Lot Rejection Ratio 


Each outgoing lot receives 100% static (dc), dynamic (ac), and functional guardbanded testing at room and high 
temperature prior to being lot acceptance (L/A) sampled and tested for conformance to published data book 
parameters. This L/A testing generates the AOQ results discussed above. Contact the factory for the latest information 
to determine the current AOQ of programmable logic devices. 
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Quality and Reliability Assurance Programs 


Texas Instruments is committed to providing quality and reliable products and goes to great length to ensure this. This 
process includes full device characterization, qualification of new and changed processes, qualification of package 
and individual devices, full production testing, statistical sample lot accept, and a reliability monitor program. 


The characterization of a new device is performed on at least three different die lots of material. The bipolar 
characterization includes material of extreme resistor tolerance as well as nominal values. These tests are over worst 
case conditions and test static (dc) parametrics, dynamic (ac) parametrics, programmability, and worst case ac code 
evaluation. 


Device fabrication, chip mounting materials, handling procedures, and leadframe construction all effect device 
reliability. These and many other areas of product manufacturing are continuously investigated and refined. A 
qualification must be performed on anewor changed manufacturing process, anew package or assembly process, as 
well as on each individual device type. This qualification procedure include the following reliability tests. 


Operating Life Test 


This is a test in which the devices are subjected to a high-temperature environment under bias. The 
temperature is usually 125°C to 150°C. The bias can be either dynamicin which case the inputs and outputs 
are toggling; or static, where a constant voltage is applied to some or all of the pins. This test is used to 
accelerate failure mechanisms which are time and temperature dependent. In a short period of time it can 
simulate long term device operation and determine early and intrinsic device failure rates. Some of the 
common failure mechanisms are surface charge accumulation, charge injection, dielectric breakdown, and 
intermetallic growth. 


Biased Humidity 


In this environmental test the subject device is exposed to high humidity and temperature conditions while 
having -electrical bias applied to the circuit. This procedure is designed to measure the device’s 
susceptibility to electrolysis and electrolytic corrosion. Failure mechanisms enhanced as a result of bias 
humidity include: corrosion of the aluminum metallization on the die; silver, tin, or gold migration from the 
leadframe; and parametric failures related to ionic conduction at the die/package interface. The actual 
temperature and humidity combinations used can vary but one of the industry standards is 85°C and 85% 
relative humidity and is referred to as "85/85". With the recent agreement within the electronic industry of 
JEDEC Standard No. 22-A110 for Highly-Accelerated Temperature and Humidity Stress Test (HAST), the 
use of temperature accelerated (100°C to 140°C) humidity biased tests has become more prominent. 
These extreme conditions require special chambers and greatly accelerate the failure mechanisms. TI 
commonly uses the 130°C - 85% relative humidity HAST test for qualification. This test has a 20 to 1 
acceleration factor over the more common "85/85” biased humidity test. 


Autoclave 


This environmental test of device reliability involves exposing the subject part to an atmosphere of 
high-temperature saturated steam under pressure (121°C, 100% relative humidity at 15 psig). Unlike the 
biased humidity test, no electrical bias is applied to the device and the test durations somewhat shorter. 
It indicates the susceptibility of the device to galvanic corrosion and therefore electromotive forces of the 
elements involved are of great concern. The chemical instability of the encapsulating material and its 
tendency to form electrolytes influence the number of failures that result from this test. 
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Temperature Cycling / Thermal Shock 


These reliability test are used to determine the thermomechanical compatibility of the materials used in 
device construction. These tests require cycling of the ambient temperature of the environment from alow 
point of -65°C to a high temperature of 150°C. These temperature extremes are not intended to simulate 
actual operation, but rather to exaggerate any faults that might exist. No bias is applied to the device. 
Temperature cycling uses a gas environment and thermal shock uses a liquid environment. 


Storage Life 


This test consist of storing units unbiased at 150°C for a periog of time. The primary failure mechanism 
accelerated by this test is Kirkendal Voiding. 


Electrostatic Discharge (ESD) Test 


The ESD test is used to determine the electrostatic discharge sensitivity threshold of a device. The test 
consist of applying current pulses of known intensity and duration to individual pins of a device. The pin 
combinations stressed are in accordance with Mil-Std-883C Condition 3015.7 Notice 8. The units are 
electrically tested to determine the threshold voltage at which the parts are ESD sensitive. 


Data Retention 


This test is run on CMOS EPLD devices to test the integrity of the FAMOS transistors. Initially the FAMOS 
transistors of the units are injected with a charge to bring them up to a certain voltage threshold. The units 
are then stored at 200°C for 1000 hours. The transistor threshold voltage is then measured for charge loss. 
Due to the high temperature this is performed on ceramic devices only. 


The following chart shows the minimum testing required for a standard qualification program of a new device in a 
qualified plastic encapsulated package per TI QSS 009-003. The minimum electrical endpoints for these test are the 
25°C ac/dc data book limits. 
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Temperature Cycle —65°C / 150°C 1000 CYC 76/0 
Thermal Shock ~65°C / 150°C 200 CYC 
Autoclave 121°C /15 PSIG 240 HRS 45/0 
Mil-Std-883C, Cond 3015.7 
ESD Notice 8. Human Body Model 
Data Retention? {O00HRS | 76/0 


+ 250 mA, 


t CMOS Products Only 


TEST CONDITIONS 





Texas Instruments has implemented an accelerated qualification program in order to maintain a high standard of 
quality and provide its customers with timely introduction of new devices. This program flow can be used if the 
technology and package for a new device has been qualified through the standard flow. 


The following chart shows the minimum tests, conditions, endpoints, and sample size/accepted failures of an 
accelerated qualification. When this flow is used the test are normally run to standard qualification endpoints for 
additional information. 






Thermal Shock —65°C / 150°C 200 CYC 45/0 
Mil-Std-883C, Cond 3015.7 
ESD Notice 8. Human Body Model 
t 250 mA, 


t CMOS Products Only 





In order to monitor the reliability of current released products, samples are pulled on a monthly basis from 
representative device families. These samples are stressed and tested on the following four reliability tests : 


125°C Operating Life 

85°C/85% RH Biased Humidity 
—65°C/150°C Temperature Cycling 
Autoclave 


The results of testing and failure analysis of any failures is compiled and reported on a quarterly basis. For the current 
reliability information, please contact your local TI sales office or the TI technical support line at (214) 007-5666. 
LR RE aa ae See ENC ES A Ee ED GE a CMS RE SSI TE RAL Sa TS OR EE NT EAN OE EE I OC TE 
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Package Symbolization 
The top-side symbolization of each TI device includes more than just a part number. Additional information, including 
the date of assembly, the die revision code, wafer lot number or tracer code, as well as manufacturing and assembly 
site information. This traceability, combined with wafer lot history and Tl’s ongoing reliability monitoring programs 


helps assure our customers of our commitment to produce the highest quality and most reliable programmable logic 
devices available today. 


The following symbolization diagrams show how to interpret the information on each package. 


PLCC PACKAGES 


Y = YEAR 
20L8-5CFN ! WW = WEEK 
; YWWCCARF , CCC = TRACE CODE 


A = ASSEMBLY SITE 
R = DIE REVISION 
F = WAFER FAB 





DIP PACKAGES 


22222 = DIE LOT NO. 
> Sip ZZZZZ YWW#L Y = YEAR 
WW = WEEK 
# = DIE REVISION 
(X = NO REVISION) 
L = WAFER FAB CODE 


TIBPAL16L8-5CN 








4-12 


Process Information 


IMPACT-X 
(Implanted Advanced Composed Mask Technology) 


1. Process Technology: ........... Trench-Isolated Bipolar, 1.5 um minimum feature size, 
4 um metal pitch 

2. Wafer Fabrication: ............. Houston Fab 1 (HFAB1) 

3. Assembly Location: ............ Tl-Malaysia (DIP), 


TI-Philippines (PLCC), 
Ti-Taiwan (CDIP) 

4.- MTOStLOCAUONS side orcw ka weak Tl-Malaysia (DIP), 
TI-Philippines (PLCC), 
Tl-Taiwan (CDIP) 


5. Number of Metal Layers: ....... Two 
6. Content of Metallization: ........ 1$ level - TIW, 2% Cu/Al 

2Nd level - TIW-Al 
7. Metal Thickness: .............. 18t level - 0.75 um 

20 level - 1.5 um 
8. Minimum Line/Spacing Width: ... 2 um width, 2 um spacing 
9. Contact Dimensions (via’s):..... 3 um 
10. Passivation Material: ........... Low stress compressive nitride 
11. Passivation Thickness: ......... 10,000 Angstroms 
123 (ESD Protection 2 .iwst tex weds 2000 Volts 

CMOS 

1. Process Technology: ........... CMOS EPROM 1.0 um Double Level Metal 
2. Wafer Fabrication: ............. Lubbock (LMOS) 
3. Assembly Location: ............ Tl-Malaysia (DIP), 


TI-Philippines (PLCC), 
Tl-Taiwan (CDIP) 

4. Test Location: ...... ccc eee eee Tl-Malaysia (DIP), 
TI-Philippines (PLCC), 
Tl-Taiwan (CDIP) 


5. Number of Metal Layers: ....... Two 
6. Content of Metallization: ........ 18! level - Ti, TIW, 2% Cu/Al 
2Nd jevel - TIW-2% Cu/Al 
7. Metal Thickness: ...........0.. 18 level - 0.8 um 
29 level - 1.05 um 
8. Minimum Line/Spacing Width: ... 1 um width, 1 um spacing 
9. Contact Dimensions (via’s): ..... 0.5 um 
10. Passivation Material: ........... PECVD oxy-nitride 
11. Passivation Thickness: ......... 12,000 Angstroms 
12. ESD Protection: ............... 2000 Volts 
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20-pin 5-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-5C 
TIBPAL16R4-5C 
TIBPAL16R6-5C 
TIBPAL16R8-5C 
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DEVICE INFORMATION 
20-pin 5-ns IMPACT-X PLDs 


Va: AOCNNOIOGY warvordevstawee es te IMPACT-X 

2. Package Types: ..............- 20-pin plastic DIP, 
20-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

43. SBA SILOS sect ines ce wile ae ers 16L8: 85x 107 mils 


16R4: 93x 107 mils 

16R6: 93x 107 mils 

16R8: 93x 107 mils 
5. Still Air Thermal Impedance : 


PDIP PLCC 


RoJA 


6. Roja with Air Flow: 


FPM PDIP PLCC 
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QUALIFICATION INFORMATION 
The TIBPAL16XX-5 devices are qualified using the accelerated qualification program.The following summaries give 
the required tests and results for each device and any additional test performed for additional data. With this particular 


device family, the TIBPAL16XX and the TIBPAL20XX parts are essentially the same die so the data for these two 
families are the same. 


16L8-5 and 20L8-5 


Required Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: 944XF 
Die Lot Number: 361 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 416 HRS 129/0 
125°C Dynamic Op-Life 129/1 168 HRS 128/01 1000 HRS 128/0 
130°C/85% RH HAST 76/0 500 HRS 76/0 
—65°C/150°C Thermal Shock 129/1 500 CYC 129/0 
ESD | 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: OO9XF 


Die Lot Numbers: 02332, 29314, and 35505 


TEST ENDPOINT RESULTS 

150°C Dynamic Op-Life 416 HRS 201/24 

125°C Dynamic Op-Life 1000 HRS 201/0 

130°C/85% RH HAST 200 HRS - 201/0 

—65°C/150°C Thermal Shock 1000 CYC 201/0 

ESD 2000 V 3/0 
16R4-5 and 20R4-5 


Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 


Device Type: 20R4-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 

Die Lot Number: 28933 
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Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 (continued) 


TEST 

125°C Dynamic Op-Life 
130°C/85% RH HAST 
—65°C/150°C Thermal Shock 
ESD 


SS/F 
129/1 
129/1 
129/1 
3/0 


ENDPOINT 
1000 HRS 
100 HRS 
1000 CYC 
2000 V 


EXTENDED 

RESULTS READPOINT RESULTS 
428/19 2000 HRS 128/0 
129/0 

129/0 

6/0 


16R6-5 and 20R6-5 


Required Tests and Results for TIBPAL16R6-5 and TIBPAL20R6-5 


Device Type: 20R6-5 
Package Type: 24 pin PDIP 
Date Code: 9122 

Die Lot Number: 1127109 

TEST SS/F 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
—65°C/150°C Thermal Shock 129/1 
—65°C/150°C Temp Cycle 129/1 
ESD 3/0 


ENDPOINT 
1000 HRS 
100 HRS 
1000 CYC 
1000 CYC 
2000 V 


EXTENDED 
RESULTS READPOINT RESULTS 
129/0 

127/04 

129/0 

129/0 

3/0 


16R8-5 and 20R8-5 


Required Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: O48XF 

Die Lot Number: 0289233 

TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
—65°C/150°C Thermal Shock 129/1 
—65°C/150°C Temp Cycle 129/1 
ESD 3/0 
Autoclave 76/0 


ENDPOINT 
416 HRS 
168 HRS 
200 HRS 
200 CYC 
1000 CYC 
2000 V 

240 HRS 


EXTENDED 
RESULTS READPOINT RESULTS 
129/0 1000 HRS 129/0 
129/0 1000 HRS 129/0 
129/0 
129/0 
129/0 
3/0 
76/0 
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Additional Qualification Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 106XF 


Die Lot Numbers: 0289233, 0310676, and 1 011759 


TEST ENDPOINT RESULTS 

150°C Dynamic Op-Life 416 HRS 400/18 

125°C Dynamic Op-Life 1000 HRS 400/0 

85°C/85% RH Biased Humidity 1000 HRS 201/0 

—65°C/150°C Temp Cycle 1000CYC ~—_- 201/14 

ESD 2000 V 3/0 

1. 1 unit received EOS damage due to reverse socket insertion - removed from population. 
2. Failure determined to be caused by ESD/EOS, source unknown. TI FA Report # D12-00531 
3. Failure determined to be caused by reverse socketing. TI FA Report # D12-00662 

4. 2units mechanically damaged beyond repair — unable to test — removed from sample. 
5. Failure caused by mechanical damage of 1st level metal. Tl FA Report # D13-00004 

6. Failure analysis results conclude interlevel oxide crack caused metal-1 to metal-2 short. 


TI FA Report # D13-00010 
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CHARACTERIZATION INFORMATION 


TIBPAL16L8-5C 
TIBPAL16R8-5C 
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TIBPAL16L8-5C 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


200 


Cc — Supply Current —mA 





~75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 





4-23 





TIBPAL16L8-5C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp_H from I, I/O to O, I/O) (tpLy from I, 1/0 to O, VO). 
vs | vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Rt = 2000 
R2 = 2000 





1/Qq = 10% Point 





tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 


A : = Mean 
O =90% Point = 90% Point 
0 25 50 75 100 0 25 50 75 100 
Ta —Free-Air Temperature — °C Ta —Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpy. from I, I/O to O, V/O) (tpHi from I, 1/0 to O, I/O) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
6 


Voc = 4.75 V 
Ri = 200 Q 


Voc = 5.25 V 
Ri = 200 
R2 = 200 2 





1/Q = 10% Point 
A =WMean 


tPHL -Propagation Delay Time, High to Low — ns 
tPHL -Propagation Delay Time, High to Low — ns 


O = 90% Point 


0 25 50 75 100 0 25 50 75 100 
Ta — Free-Air Temperature — °C . Ta — Free-Alr Temperature — °C 


© =90% Point 
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TIBPAL16L8-5C (continued) 


'PLZ — Disable Time from Low Level —ns 


'PHZ — Disable Time from High Level — ns 








DISABLE TIME 
(tp_z from I, I/O to O, 1/0) 


Vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 = 10% Point 
R1=200Q A =WMean 


Oo =90% Point 


tpLZ — Disable Time from Low Level — ns 


Ta — Free-Air Temperature — °C 


DISABLE TIME 
(tpyz from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V OD = 10% Point 
Ri = 200 © Ki Sieen 


O =90% Point 


'PHZ — Disable Time from High Level —ns 


Ta —Free-Air Temperature — °C 


DISABLE TIME 
(tp_z from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V © = 10% Point 
R1 = 200 Q Q& =Mean 


© =90% Point 





Ta —Free-Air Temperature — °C 


DISABLE TIME 
(tpyz from |, 1/0 to O, VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = §.25 V O = 10% Point 
Ri = 2000 ; 
R2= 2000 4 =Mean 


Ci = 5 pF O =90% Point 
25 50 75 





Ta —Free-Air Temperature — °C 


100 
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TIBPAL16L8-5C (continued) 


ENABLE TIME 
(tpz, from I, /0 to O, /0) 


VS 
FREE-AIR TEMPERATURE 


Oo = 10% Point 
A =Mean 
O =90% Point 


Voc = 4.75 V 
R1 = 200 Q 


tpZL — Enable Time to Low Level — ns 
tez- — Enable Time to Low Level — ns 





Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 


© = 10% Point 
A =WMean 
O =90% Point 


0 25 50 75 100 
Ta — Free-Air Temperature — °C 


tPZ7H — Enable Time to High Level — ns 
tPZH — Enable Time to High Level — ns 











ENABLE TIME 
(tpz, from I, /O to O, VO) 
VS 
FREE-AIR TEMPERATURE 


= 10% Point 
4 =WMean 
©O =90% Point 


Voc = §.25 V 


Ta —Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from |, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


| Voc = 5.25 V 


Ri = 200 Q 
R2 = 2002 
C. = 50 pF 


© = 10% Point 
4 =Mean 
© = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 
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tpLz — Disable Time from Low Level — ns 








TIBPAL16R8-5C 


= DISABLE TIME (tp, 7) ______ DISABLE TIME (tpyz) 
OET to Q with 8 Outputs Switching In Phase OET to Q with 1 Output Switching. 
vs vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


Voc = 5.25 V 
R1 = 200Q 
R2 = 200 Q 
Ta = 80°C 
f= 1 MHz 

FN Package 


Voc = 5.25 V 
R1 = 200 2 
R2 = 200 Q 
Ta =0°C 
f=1 MHz 

FN Package 


tPHZ — Disable Time from High Level —ns 





5 0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 


C,_ - Load Capacitance — pF C,. — Load Capacitance — pF 
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f max — Clock Frequency — MHz 


f max — Clock Frequency — MHz 








TIBPAL16R8-5C (continued) 


CLOCK FREQUENCY, CLOCK FREQUENCY, 
(Outputs Switching in Phase) : (Outputs Switching in Phase) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


nr 
N 
oS 





No Feedback © = 1 Output Switching 
Voc =5V & = 4 Outputs Switching 


No Feedback oO =1 Output Switching 
Veco =5V A =4 Outputs Switching 


R1 = 200 © R1 = 2000 
R2 = 2000 — © =8 Outputs Switching a 200} no - 2000 — © =8 Outputs Switching 
C. = 50 pF = CL = 50 pF 
N Package FN Package 
= 180 
2 
5 
i «160 
me 
o 
2 
° 140 
< 
E 
120 
100 
0 25 50 75 100 
Ta —Free-Air Temperature —°C Ta — Free-Air Temperature -— °C 
CLOCK FREQUENCY, CLOCK FREQUENCY, 
(Binary Counter Configuration) (Binary Counter Configuration) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
220 


© =1 Output Switching 
A =4 Outputs Switching 
200 © =8 Outputs Switching 


O = 1 Output Switching 
A = 4 Outputs Switching 
O =8 Outputs Switching 


Internal 
Feedback 
Voc =5V 


Feedback 
Voc =5V 
R1 = 200Q 


fmax — Clock Frequency — MHz 
a 
(>) 


Ri = 200 2 120 
R2 = 200 Q R2 = 200 © 
Cy = 50 pF C. = 50 pF 
N Package 100 FN Package 
0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta —Free-Air Temperature — °C 
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tsu — Setup Time — ns 


tPLH — Propagation Delay Time, Low to High — ns 











TIBPAL16R8-5C (continued) 


SETUP TIME 
(With 8 Outputs Switching in Alternate Direction) 
vs 
SHEET RESISTANCE 


Ri =200Q 
R2 = 200 
C, = 50 pF 
Ta = 80°C 
f = 20 MHz 
FN Package 


Sheet Resistance — kQ 


PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching in Same Direction) 
vs 
SHEET RESISTANCE 


Voc =4.75V Ta =80°C 


Ri = 200Q 
R2 = 2002 
CL = 50 pF 


f = 10 MHz 
FN Package 


16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


th — Hold Time — ns 


tPLH — Propagation Delay Time, Low to High — ns 








HOLD TIME 
(With 8 Outputs Switching in Same Direction) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 Q 
C. = 50 pF 
Ta = 80°C 

f = 20 MHz 
FN Package 


Sheet Resistance — kQ 


PROPAGATION DELAY TIME, CLK to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = §.25 V 
R1 = 200 Q 
R2 = 200 Q 
C, = 50 pF 
Ta =0°C 

f = 10 MHz 
FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 
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tPHL —-Propagation Delay Time, High to Low — ns 
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tpLz — Disable Time from Low Level — ns 


2.5 


16 











TIBPAL16R8-5C (continued) 


PROPAGATION DELAY TIME, CLK to Q 

(With 8 Outputs Switching in Same Direction) 
vs 

SHEET RESISTANCE 


Voc = 4.75 V 
R1 = 200Q 
R2 = 200 2 
Cy = 50 pF 
Ta = 80°C 
f= 10 MHz 
FN Package 


17 18 
Sheet Resistance — kQ 


DISABLE TIME, OET to Q 


(With 8 Outputs Switching in Same Direction) 


vs 
SHEET RESISTANCE 


Voo=5.25V Ta =80°C 
Ri = 200 © 
R2 = 200 © 
Cy = 50 pF 


f= 1 MHz 
FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


tPHL —-Propagation Delay Time, High to Low — ns 


tpLz — Disable Time from Low Level —ns 





3.5 


16 





PROPAGATION DELAY TIME, CLK to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 4.765 V 
R1 = 2000 
R2 = 2000 
Cy = 50 pF 
Ta =0°C 

f= 10 MHz 
FN Package 


Sheet Resistance — kQ 


DISABLE TIME, OET to Q 
(With 1 Output Switching) 
VS 
SHEET RESISTANCE 


Voc = 4.75 V 
Ri = 200Q 
R2 = 200Q 
Cy = 50 pF 
Ta =0°C 

f= 1 MHz 

FN Package 


17 18 , 
Sheet Resistance — kQ 





'PHZ — Disable Time from High Level — ns 








TIBPAL16R8-5C (continued) 


DISABLE TIME, OET to Q 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 


Voc = 4.75 V 
Ri = 200 Q 
R2 = 200 Q 
C. = 50 pF 
Ta = 80°C 


16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


tpHZ — Disable Time from High Level — ns 





DISABLE TIME, OET to Q 
(With 1 Output Switching) 
VS 
SHEET RESISTANCE 


Voc = §.25 V 
R1 = 200 © 
R2 = 200 © 
Ci = 50 pF 
Ta =0°C 


“16 #17 18 #19 20 24 22 23 24 


Sheet Resistance — kQ 
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tp7L — Enable Time to Low Level —ns 


tp7H — Enable Time to High Level — ns 


2.5 





TIBPAL16R8-5C (continued) 


ENABLE TIME, OE! to Q 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 =200 2 
R2 = 200 2 
Cy = 50 pF 
Ta = 80°C 
f= 1MHz 

FN Package 


16 17 #18 


Sheet Resistance — kQ 


ENABLE TIME, OE! to Q 


(With 8 Outputs Switching In Same Direction) 


VS 
SHEET RESISTANCE 


Voco=4.75 V 
R1 =2000 
R2 = 200 2 
Cy = 50 pF 
Ta = 80 °C 
f= 1 MHz 

FN Package 


Sheet Resistance —kQ 


tpZL — Enable Time to Low Level — ns 





ENABLE TIME, OE! to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
Ri = 200 Q 
R2 = 200 Q 
C, = 50 pF 
Ta =0°C 

f= 1 MHz 

FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


ENABLE TIME, OE to Q 
(With 1 Output Switching) 
Vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 © 
R2 = 200 © 
C. = 50 pF 
Ta =0°C 
f= 1 MHz 
FN Package 





Sheet Resistance — kQ 
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20-pin 7-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-7C 
TIBPAL16R4-7C 
TIBPAL16R6-7C 
TIBPAL16R8-7C 
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DEVICE INFORMATION 
20-pin 7-ns IMPACT-X PLDs 


Tee “TOCHNOIOOY 44604 eeceeee de ieeu: IMPACT-X 

2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

Q... BAP SIZS etesociacituee deen sweet 107 x 96 mils 


5. Still Air Thermal Impedance : 


PDIP PLCC 


Pes 


6. Roya with Air Flow: 


FPM PDIP PLCC 


[610 | 646 
2s | 
[40.9 | 


This device is from the same master die as the TIBPAL20XX-7 and TIBPAL20XX-10 devices. Therefore the 
qualification and characterization data are the same. 












100 
250 
500 
750 
1000 
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QUALIFICATION INFORMATION 


The TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 devices are qualified using the accelerated qualification 
program. The following summaries give the required tests and results for this device family as well as any additional 
test performed for additional data. 


Required Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 


Device Types: 20R6-7, 20R8-7, and 20L8-7 
Package Type: 24 pin PDIP 
Date Codes: 935XF, 935XF, and 939XF 


Die Lot Numbers: 15080, 14508, and 20604 


EXTENDED 
TEST SS/F | ENDPOINT RESULTS |=READPOINT RESULTS 
150°C Dynamic Op-Life 129/1  416HRS 287/0 
125°C Dynamic Op-Life 129/1  168HRS 257/0 1000HRS —_257/0 
130°C/85% RH HAST 129/1 100HRS 258/0 
-65°C/150°C Thermal Shock 129/1  100CYC 129/0 1000CYC —-_129/0 
-65°C/150°C Temp Cycle 77/1 100 CYC 77/0 1000CYC ~=—- 77/0 
ESD | 3/0 2000 V 3/0 7 


Additional Qualification Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and 
TIBPAL20XX-10 


Device Type: 16R4-7 
Package Type: 20 pin PDIP 
Date Code: 922XF 


Die Lot Numbers: 08980, 09343, and 09344 


- EXTENDED 
TEST | SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 4129/1 384 HRS 201/0 1000 HRS 201/0 
125°C Dynamic Op-Life 129/1 168 HRS 201/0 1000 HRS 201/0 
430°C/85% RH HAST 129/1 100 HRS 199/0! 
-~65°C/150°C Thermal Shock 77/1 200 CYC 201/0 
ESD 3/0 2000 V 3/0 


1. 2units mechanically damaged beyond repair - unable to test - removed from sample. 
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CHARACTERIZATION INFORMATION 


TIBPAL16L8-7C 
TIBPAL16R4-7C 
TIBPAL16R6-7C 
TIBPAL16R8-7C 
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tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tp_y from I, /O to O, /O) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V 


Ri = 200 Q 


QO 
A 


Oo 


= 10% Point 
= Mean 
= 90% Point 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy. from |, 1/0 to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 200 Q 


QO 
4 


oO 


= 10% Point 
= Mean 
= 90% Point 





Ta — Free-Air Temperature — °C 


TIBPAL16L8-7C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 











PROPAGATION DELAY TIME 
(tp_y from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 


= 10% Point 
A =Mean 
O = 90% Point 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from I, /0 to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 6.25 V 
R1 = 200 Q 


oO = 10% Point 
& =Mean 
© =90% Point 


Ta —Free-Air Temperature — °C 
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TIBPAL16L8-7C (continued) 


_ PROPAGATION DELAY TIME 
(tpz from I, VO to O, VO) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2000 
R2 = 3902 


tpLz — Disable Time from Low Level — ns 


0 25 50 75 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from |, I/O to O, VO) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
Cy. =5 pF O = 90% Point 


tpHZ — Disable Time from High Level — ns 


0 25 50 7§ 
Ta — Free-Air Temperature — °C 








Q = 10% Point 
4 = Mean 
© =90% Point 


100 


Oo =10% Point 
4& =WMean 


100 


tPLz — Disable Time from Low Level — ns 


tPHZ — Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(tp_z from I, /O to O, I/O) 
VS 


FREE-AIR TEMPERATURE 


Voc = 6.25 V 
Rt = 2000 


O =10% Point 
& =WMean 
© =90% Point 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from |, I/O to O, I/O) 
vs 


FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 2000 
R2 = 3900 
C. = 5 pF | © =90% Point 


= 10% Point 
& =WMean 


25 50 7§ 100 
Ta —Free-Air Temperature — °C 





tpZL — Enable Time to Low Level —ns 





'PZH — Enable Time to High Level -— ns 





TIBPAL16L8-7C (continued) 


PROPAGATION DELAY TIME 
(tpz. from I, 1/0 to O, I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 200 0 a 
R2 = 390 0 eS meat 

Cy = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


Oo = 10% Point 


PROPAGATION DELAY TIME 
(tpz} from I, I/O to O, I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 © 
R2 = 390 Q 
C. = 50 pF 


= 10% Point 
& =WMean 
© =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


tpZL — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level —ns 


PROPAGATION DELAY TIME 
(tpz_ from I, I/O to O, VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 


R2 = 3900 4 = Mean 








O = 10% Point 


CL = 50 pF O =90% Point 


Ta —Free-Air Temperature —°C 


PROPAGATION DELAY TIME 
(tpz1 from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 200 Q 
R2 = 3900 


100 


oO = 10% Point 
& =Mean 


© =90% Point 





Ta ~— Free-Air Temperature — °C 
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tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 








TIBPAL16R4-7C 


PROPAGATION DELAY TIME 
(tp_y from I, /O to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 


Oo = 10% Point 
A&A =WMean 
= 90% Point 


25 50 75 . 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy, from I, I/O to VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 200 Q 
R2 = 390 Q 
C. = 50 pF 


25 50 75 100 


Oo =10% Point 
4& =WMean 
© =90% Point 


Ta —Free-Air Temperature — °C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 











PROPAGATION DELAY TIME 
(tp_y from I, VO to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 


oO = 10% Point 
& =WMean 
© =90% Point 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from I, 1/0 to 1/0) 


VS 
FREE-AIR TEMPERATURE 


Voc = §.25 V 
R1 = 200 Q 
R2 = 390 Q 
C. = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Alr Temperature — °C 


Oo =10% Point 
& =WMean 


TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp_z from I, 1/0 to I/O) (tp_z from I, 1/0 to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc =4.75 V 0 =10% Point 
Ri = 200 Q & =Mean 


Voc = 5.25 V O = 10% Point 
Ri = 2002 i 
R2 = 3902 a emeen 


Oo =90% Point O =90% Point 


tpLz — Disable Time from Low Level — ns 
tpLz — Disable Time from Low Level — ns 





Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpyz from I, 1/0 to I/O) (tpyz from |, I/O to I/O) 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


tPHzZ — Disable Time from High Level —ns 
'PHZ — Disable Time from High Level — ns 





noc rvs V 0 = 10% Point voc sg Vv = 10% Point 
R2 = 390 Q oe R2 = 390.0 se dita 
C. = 5 pF O =90% Point C. = 5 pF O =90% Point 
0 25 50 75 100 0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
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tpze — Enable Time to Low Level — ns 





t PZH — Enable Time to High Level — ns 





TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME 
(tpz. from |, I/O to I/O) 
Vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V O = 10% Point 
R1 = 200 Q 


R2 = 3900 4 =Mean 
Cy, = 50 pF O = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzp from I, I/O to I/O) 
Vs 
FREE-AIR TEMPERATURE 


Voc = 4.76 V 
R1 = 200 O 
R2 = 390 © 


QO =10% Point 
A =Mean 


O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature —°C 


tpz- ~ Enable Time to Low Level — ns 


tpZH — Enable Time to High Level —ns 





PROPAGATION DELAY TIME 
(tpz, from I, /O to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V © =10% Point 
R1 r=} 200 Q A - Mean 


R2 = 390 Q 
C, = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from I, I/O to I/O) 
VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 2002 


QO = 10% Point 
& =Mean 
©O =90% Point 





Ta — Free-Air Temperature — °C 
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TIBPAL16R4-7C (continued) 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tpLH from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


oO =10% Point 
A&A =Mean 
O =90% Point 


Voc = 4.75 V 
R1 = 200 Q 





Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc =4.78 V 
R1 = 200 Q 
R2 = 390 Q 
C. = 50 pF O =90% Point 


O = 10% Point 
A =WMean 





25 50 75 100 


Ta — Free-Air Temperature — °C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL —-Propagation Delay Time, High to Low — ns 








PROPAGATION DELAY TIME 
(tpLH from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


O =10% Point 
& =Mean 


Voc = 5.25 V 
R1 = 2000 
R2= 3900 


C, = 50 pF Oo =90% Point 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


oO = 10% Point 
4& =WMean 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 
C. = 50 pF O =90% Point 


o 50 75 100 
Ta —Free-Air Temperature — °C 
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TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp, z from OE! to Q) (tp_z.from OE to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R2 = 390 


Voc = 5.25 V © = 10% Point 
R1= 2000 = 

R2 = 390 0 Bem iwean 

Cy = 5 pF © =90% Point 


= Mean 
© =90% Point 


‘PLZ — Disable Time from Low Level — ns 
‘PLZ — Disable Time from Low Level —ns 





0 25 50 75 100 
Ta —Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpyz from OE to Q) (tpyz from OEJ to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc =4.75 V Oo =10% Point 
R1 = 200 QO -_ 
R2 = 3900 osren 


Voc = 5.25 V O = 10% Point 
R1 = 2000 _ 
R2 = 3900 heen 


O =90% Point © = 90% Point 


tpHZ — Disable Time from High Level — ns 
tpHZ — Disable Time from High Level — ns 





Ta —Free-Alr Temperature — °C Ta — Free-Air Temperature ~ °C 
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tpzL — Enable Time to Low Level — ns 


tPZH — Enable Time to High Level — ns 








TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.76 V 
R1 = 200 Q 


oO =10% Point 


R2 = 390 0 4 =Mean 
Cy = 50 pF O =90% Point 


- 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Oo =10% Point 
A =WMean 
© =90% Point 


Voc = 4.75 V 
R1 = 200 © 
R2 = 390 2 


Ta — Free-Air Temperature — °C 


tpZ7L — Enable Time to Low Level —ns 


'PZH — Enable Time to High Level —ns 


PROPAGATION DELAY TIME 
(tpz, from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 200 2 


R2 = 3900 4 =Mean 





O = 10% Point 


Cy = 50 pF O = 90% Point 





25 50 75 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


100 


O8 =10% Point 


A =WMean 


O = 90% Point 





Ta — Free-Air Temperature — °C 





4-47 


TIBPAL16R6-7C 


PROPAGATION DELAY TIME 
(tpLH from I, 1/0 to I/O) 


vs 
FREE-AIR TEMPERATURE 





PROPAGATION DELAY TIME 
(tp_y from I, VO to VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 


R1 = 200 Q 


ao = 10% Point 
A =Mean 
O = 90% Point 


go =10% Point 
4& =WMean 
O =90% Point. 


tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 








25 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy, from I, I/O to VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 © 
R2 = 390 Q 
C, = 50 pF O = 90% Point 


6 =10% Point 
A =Mean 


25 50 75 100 
Ta — Free-Air Temperature — °C 


tPHL —-Propagation Delay Time, High to Low — ns 








25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from I, 1/0 to /O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 
Cy = 50 pF O = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


Oo = 10% Point 
4 =Mean 


tpLz — Disable Time from Low Level — ns 


'PHZ — Disable Time from High Level — ns 








TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(tp_z from I, 1/0 to 1/0) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2002 


Go =10% Point 
& =Mean 
Oo =90% Point 


ag 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp}z from I, 1/0 to VO) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
C, =5 pF O = 90% Point 


oO =10% Point 
& =WMean 


25 50 75 100 
Ta — Free-Air Temperature — °C 


tpLz — Disable Time from Low Level — ns 


'PHZ — Disable Time from High Level — ns 


PROPAGATION DELAY TIME 
(tp_z from I, I/O to I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 
CL =5 pF 


= 10% Point 
4 =WMean 
O =90% Point 





Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from 1, 1/0 to 1/0) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 2009 
R2 = 390 Q 
CL = 5 pF 





25 50 75 
Ta — Free-Air Temperature — °C 





6 = 10% Point 
4 =Mean 
© =90% Point 


100 
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tpzL — Enable Time to Low Level — ns 


4-50 





Voc =4.75 V 
R1 = 200 Q 
R2 = 390 © 
C. = 50 pF © = 90% Point 


tpZH — Enable Time to High Level —ns 








TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
— (tpz, from I, I/O to I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V Oo = 10% Point 
Ri = 2000 


R2 = 3900 4 =Mean 
Ci = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpz}, from I, 1/0 to I/O) 


VS 
FREE-AIR TEMPERATURE 


oO = 10% Point 
& =Mean 


25 50 75 100 
Ta — Free-Air Temperature — °C 


tpzi — Enable Time to Low Level — ns 


tpZH — Enable Time to High Level — ns 








PROPAGATION DELAY TIME 
(tpz, from I, I/O to /O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V Oo = 10% Point 
R1 = 200 Q 


R2 = 3900 4 =Mean 
C. = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from I, I/O to /0) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 2 
C= 50 pF O =90% Point 


oO = 10% Point 
A =Mean 


25 50 75 100 
Ta — Free-Air Temperature — °C 


TIBPAL16R6-7C (continued) | 





PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpLH from CLK to Q) (tpLy from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

7 

Voc =4.75 V O =10% Point Voc = 5.25 V 0 = 10% Point 

R1 = 200 Q = R1 = 200 Q = 

4& =Mean Ro = 3900 4& =Mean 

g| CL=50 pF O =90% Point O =90% Point 


tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 





2 
0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta —Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpH_ from CLK to Q) (tpy_ from CLK to Q) 
vs Vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





tPHL —Propagation Delay Time, High to Low — ns 
tPHL —-Propagation Delay Time, High to Low — ns 


nec mh v O =10% Point noe aan V O = 10% Point 
R2 = 390 © 4 =Mean R2 = 3902 4 =Mean 
C. = 50 pF O =90% Point C. = 50 pF O =90% Point 

0 25 50 75 100 0 25 50 75 100 


Ta — Free-Air Temperature — °C Ta —Free-Air Temperature — °C 
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tPHZ — Disable Time from High Level — ns 


tpLz — Disable Time from Low Level — ns 


TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(tp_z from OEJ to Q) 


Vs 
FREE-AIR TEMPERATURE 
Voc = 4.75 V 


R1 = 2002 
R2 = 390 Q 


BD = 10% Point 
& =Mean 


Cy = 5 pF © =90% Point 





Ta ~ Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2000 a 
R2 = 390 a simeen 


O =90% Point 





Ta — Free-Air Temperature — °C 


Oo = 10% Point 


tPHZ — Disable Time from High Level — ns 


tpLz — Disable Time from Low Level —ns 


PROPAGATION DELAY TIME 
(tp_z from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 2000 
R2 = 390 0 


O = 10% Point 
& =WMean 
Oo =90% Point 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


0 = 10% Point 
A =WMean 
O =90% Point 


Voc = 5.25 V 
Ri = 200Q 
R2 = 390 





Ta — Free-Air Temperature — °C 


tpz77 — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level — ns 








TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc =4.75 V Oo =10% Point 
R1 = 200 2 


R2 = 390.0 Gece 
Cy = 50 pF O = 90% Point 


25 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Oo =10% Point 
A =Mean 
O = 90% Point 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 


‘Ta — Free-Air Temperature — °C 


tpzi — Enable Time to Low Level — ns 


'pZH — Enable Time to High Level — ns 


PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


vs | 
FREE-AIR TEMPERATURE 


Voc = §.25 V 
R1 = 200 Q A 


R2 = 3900 = Mean 








GO =10% Point 


C, = 50 pF O =90% Point 


25 50 75 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 


=M 
R2 = 3900 ae 


100 


oO = 10% Point 


Oo =90% Point 





Ta — Free-Air Temperature — °C 
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2 


TIBPAL16R8-7C 
PROPAGATION DELAY TIME | PROPAGATION DELAY TIME 
(tp_H from CLK to Q) (tp_H from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE : FREE-AIR TEMPERATURE 


Voc = 4.75 V oO =10% Point 
R1 = 200 Q & =Mean 


Voc = §.25V O = 10% Point 


O = 90% Point 


= 90% Point 


tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 





Ta —Free-Air Temperature —°C | Ta —Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) (tpy_ from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





tPHL -Propagation Delay Time, High to Low — ns 
tPHL -Propagation Delay Time, High to Low — ns 


nee ; mas Vv © = 10% Point Voc ; an Vv © =10% Point 
Ro x 390 O 4 =Mean R2 = 390 © 4& =Mean 
C. = 50 pF O = 90% Point CL=50pF O := 90% Point 
0 25 50 75 100 0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
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TIBPAL16R8-7C (continued) 


tpLz — Disable Time from Low Level — ns 


'PHZ — Disable Time from High Level —ns 








Voc = 4.75 V 





PROPAGATION DELAY TIME 
(tp_z from OE to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 


Oo =10% Point 
& =Mean 
Oo =90% Point 


'PLZ — Disable Time from Low Level — ns 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE to Q) 
vs 
FREE-AIR TEMPERATURE 


Oo =10% Point 
A =WMean 
Oo =90% Point 


R1 = 200 Q 
R2 = 390 2 


'PHZ — Disable Time from High Level — ns 


Ta —Free-Air Temperature — °C 








PROPAGATION DELAY TIME 
(tp_z from OE to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 
R2 = 390 0 


O = 10% Point 
A =WMean 
O = 90% Point 


TA — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE to Q) 


vs 
FREE-AIR TEMPERATURE 
Voc = 5.25 V = 10% Point 
Ri = 200 


R2 = 3900 A xemean 
C, =5 pF © =90% Point 


Ta — Free-Air Temperature — °C 
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tpZ7i ~— Enable Time to Low Level — ns 


'PZH — Enable Time to High Level —ns 





TIBPAL16R8-7C (continued) 


PROPAGATION DELAY TIME 
(tpz, from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc =4.75 V O =10% Point 
R1 = 200 Q 


R2 = 390 0 4 =Mean 
C_ = 50 pF O = 90% Point 


25 50 7§ 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpz from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R1 = 2000 


R2 = 390 0 a esn 
Cy = 50 pF © =90% Point 





Ta — Free-Air Temperature — °C 


t PZL — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level — ns 





PROPAGATION DELAY TIME 
(tpz,_ from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V O = 10% Point 
R1 = 2000 


R2 = 390 0 poe 
C_ = 50 pF © = 90% Point 


25 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


© = 10% Point 
A =Mean 
O = 90% Point 


Voc = 5.25 V 
R1 = 2000 
R2 = 3902 





Ta — Free-Air Temperature — °C 
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tgu — Setup Time —ns 





TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C 


SETUP TIME 
(Input or feedback before CLK T) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 © A 


O =High RK 





Ta — Free-Air Temperature — °C 


Voc = 4.75 V 
Ri = 200 2 A 
R2 = 390 


tw Pulse Duration — ns 


oO =Low RK 
= Normal RK 





HOLD TIME 
(Input or feedback after CLK 7) 


VS 
FREE-AIR TEMPERATURE 


th — Hold Time — ns 


Voc = 4.75 V 


R1 = 200 £ 
R2 = 390 0 A =Normal RK 


C, = 50 pF O =HighRK 


0 25 50 75 100 
Ta — Free-Air Temperature — °C 





PULSE DURATION 
(High or Low) 
vs 
FREE-AIR TEMPERATURE 


oO =Low RK 
= Normal RK 


© =HighRK 


Ta — Free-Air Temperature — °C 
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20-pin 10-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-10C 
TIBPAL16R4-10C 
TIBPAL16R6-10C 
TIBPAL16R8-10C 
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DEVICE INFORMATION 
20-pin 10-ns IMPACT-X PLDs 


Vs “HOCNNOIOGY: ouctek ation ome oitet ot IMPACT-X 

2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

A. BarSizeivsntawienesenseowsaws 93 x 90 mils 


5. Still Air Thermal Impedance : 


PDIP PLCC 


ReJA 


6. Rega with Air Flow: 


FPM PDIP PLCC 


ae 
ec 
[408 | 












100 
250 
500 
750 
1000 
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a 
QUALIFICATION INFORMATION 


The TIBPAL16XX-10 devices were qualified in 1986 before the previously mentioned standards were incorporated. 
These devices are however included in the reliability monitors which requires the same level of quality and reliability 
as the newer products. The following summaries give the required tests and results for each device and any additional 
test performed for additional data. 


Required Tests and Results for TIBPAL16XX-10 


Device Type: 16R4-10 

Package Type: 20 pin PDIP 

Die Lot Number: 6340945 

TEST SS/F ENDPOINT RESULTS 
125°C Static Op-Life 128/1 1000 HRS 128/0 
125°C Dynamic Op-Life 127/1 1000 HRS 127/0 
85°C/85% RH 129/1 1000 HRS 129/0 
—65°C/150°C Temp Cycle 128/11 1000 CYC 128/0 
Autoclave 77/1 240 HRS 77/1! 
ESD 21/0 2000 V 21/0 


Additional Qualification Tests and Results for TIBPAL16XX-10 


Device Types: 16R4-10 and16R8-10 
Package Type: 20 pin PDIP 
Die Lot Numbers: = 7014316 and 7043816 


TEST SS/F ENDPOINT RESULTS 
125°C Static Op-Life 129/1 1000 HRS 129/11 
125°C Dynamic Op-Life 129/1 1000 HRS 129/0 
85°C/85% RH 129/1 1000 HRS 129/0 
—65°C/150°C Temp Cycle 129/1 1000 CYC 129/0 
Autoclave 77/1 240 HRS 77/0 

ESD 21/0 2000 V 21/0 


1. Input leakage, failure mode unresolved. 
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CHARACTERIZATION INFORMATION 


TIBPAL16L8-10 
TIBPAL16R4-10 
TIBPAL16R6-10 
TIBPAL16R8-10 


4-63 
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TIBPAL16L8-10 


SUPPLY CURRENT 
(Virgin Device) 


vs 
FREE-AIR TEMPERATURE 


© =10% Point 
4& =Mean 
O =90% Point 


lec — Supply Current — mA 





: . 50 75 100 
Ta — Free-Air Temperature — °C 





PROPAGATION DELAY TIME 
(I, VO to O, VO) 
v8 
FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R1 = 200 Q 


R2 = 390 © A =Mean 
Vis 0 Pr ae © =90% Point 
2 
-7§ -50 -25 0 25 50 75 100 125 
Ta —Free-Air Temperature —°C 
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tpLz — Disable Time from Low Level — ns 


tpHz — Disable Time from High Level —ns 








4 
-75 -50 -25 
Ta —Free-Air Temperature — °C 


TIBPAL16L8-10 (continued) 


DISABLE TIME 
(tp_z from I, VO to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 


oO = 10% Point 
4 =WMean 


a ae oe 
4 


-7§ -60 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


DISABLE TIME 
(toyz from I, I/O to O, WO) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 200 Q 
R2 = 390 0 
Cy = 50 pF 


0 25 50 75 100 125 


tpzi — Enable Time to Low Level — ns 


tpZH — Enable Time to High Level — ns 








ENABLE TIME 
(tpz,_ from I, I/O to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 © 
R2 = 390 © 
C, = 50 pF 


Qo = 10% Point 
A =WMean 


See 
4 


75 -50 -25 0 50 75 100 125 
Ta — Free-Air Reece 6 


ENABLE TIME 
(tpzy from I, 1/0 to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 2000 
R2 = 3900 


O = 10% Point 


© = 90% Point 


4 
-75 -50 -25 0 25 850 75 100 125 


Ta — Free-Air Temperature — °C 
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TIBPAL16R4-10 






















SUPPLY CURRENT PROPAGATION DELAY TIME 
(Virgin Device) (I, /O to O, VO) 
vs VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
220 12 
rT (a ae a a 
200 te. -26% Resistor 2 49 
Ef —_| 
E 9 ‘i 
i ee ee 
180 Ss 8 
~~ _| -10% Resistor ae 3 
2 eS ee, ee 
oe ae a ee a a Se 
oO 150 a sone ° 
- § 
= | +7% Resistor T 
140 7 DU 4 
G 25 50 75 100 2 
T, —Free-Air Temperature — °C -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 
PROPAGATION DELAY TIME 
(CLK to Q) 
vs 
FREE-AIR TEMPERATURE 


tod — Propagation Delay Time — ns 





Voc = 4.75 V QO = 10% Point}. 


R1 = 200 2 
O =90% Point 


Resistor Range = —26% to +7% 


Cee Ea ea aaa Hise! 
SEY VER ee 


pommel _ 


25 0 2 50 75 
Ta — Free-Air Temperature — °C 
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tPHZ — Disable Time from High Level —ns 


tpLZ ~ Disable Time from Low Level — ns 





TIBPAL16R4-10 (continued) 


DISABLE TIME 
(tp_z from I, /O to O, I/O) 
| vs 
FREE-AIR TEMPERATURE 


ae: 
oe ee 
Lote tl dl ad 

i2 


Voc = 4.75 V 
R1 = 200 Q 


-75 -60 -25 0 25 50 7&8 100 125 
Ta — Free-Air Temperature — °C 


DISABLE TIME 
(tpyz from I, I/O to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 





Voc = 4.75 V 
R1 = 200 
R2 = 390 Q 







BO = 10% Point 
4 =WMean 


Seem 
2 


-75 -50 -2 50 75 100 125 
aa - mea =a -°C 






tpzL — Enable Time to Low Level — ns 


'pZH — Enable Time to High Level —ns 








ENABLE TIME 
(tpz:, from I, /O to O, /0) 
| vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 0 


75 -50 -25 0 25 80 75 100 125 
Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from I, I/O to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2009 


Q = 10% Point 


A =WMean 


Seeeeee 


2 
~75 -50 -25 50, 75 100 125 


 Ta- ma eas —-°C 
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loc — Supply Current — mA 








TIBPAL16R8-10 


SUPPLY CURRENT PROPAGATION DELAY TIME 
(Virgin Device) (CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


O = 10% Point 
& =Mean 
Oo =90% Point 


Voc = 4.75 V = 10% Point 
R1 = 200 2 
R2 = 390 Q 


= 90% Point 


tod — Propagation Delay Time — ns 





—7§ -50 -25 0 25 $0 75 100 125 


Ta —Free-Air Temperature — °C 
A pe Ta - Free-Air Temperature — °C 
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tpLZ~— Disable Time from Low Level — ns 


tpHz — Disable Time from High Level —ns 








TIBPAL16R8-10 (Continued) 


DISABLE TIME 
(tp_z from OET to Q) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V a 
R1 = 200 2 
R2 = 390 


= 10% Point 
4 =WMean 
© =90% Point 


2 
-75 -50 -25 0 25 §0 75 100 125 


Ta —Free-Air Temperature — °C 


DISABLE TIME 
(tpyz from OET to Q) 
vs 


FREE-AIR TEMPERATURE 


G = 10% Point 
4 =WMean 


TTL Te sono 
2 
25 5 


-~75 -50 -25 0 0 75 100 125 
Ta — Free-Air Temperature — °C 


‘pz. ~ Enable Time to Low Level —ns 


tPZH — Enable Time to High Level — ns 








ENABLE TIME 
(tpz,_ from OE, to Q) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 2002 


oO = 10% Point 


O =90% Point 


2 
-75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from OE to Q) 
Vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2002 


QO = 10% Point 


A =WMean 


TOTS Te oon 
2 


758 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 
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24-pin 5-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL20L8-5C 
TIBPAL20R4-5C 
TIBPAL20R6-5C 
TIBPAL20R8-5C 


4-71 


4-72 


—hk 
. 


DEVICE INFORMATION 
24-pin 5-ns IMPACT-X PLDs 


TOCHNOIOGY) ciswcaneigandeStens IMPACT-X 

Package TypeS: ...........65.. 20-pin plastic DIP, 
20-pin plastic PLCC 

Last Die Revision ...........6.. X (none) 

BA OIZE® eintveacegegeceaunees 20L8: 85x 107 mils 


20R4: 93x 107 mils 

20R6: 93x 107 mils 

20R8: 93x 107 mils 
Still Air Thermal Impedance : 


PDIP PLCC 


Roya with Air Flow : 
FPM PDIP PLCC 


100 
250 
500 
750 
1000 
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QUALIFICATION INFORMATION 


The TIBPAL20XX-5 devices are qualified using the accelerated qualification program.The following summaries give 
the required tests and results for each device and any additional test performed for additional data. With this particular 
device family, the TIBPAL16XX and the TIBPAL20XX parts are essentially the same die so the data for these two 
families are the same. | 


16L8-5 and 20L8-5 


Required Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: 944XF 
Die Lot Number: 361 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 416 HRS 129/0 
125°C Dynamic Op-Life 129/1 168 HRS 128/0! 1000 HRS 128/0 
130°C/85% RH HAST 76/0 500 HRS 76/0 
~65°C/150°C Thermal Shock 129/1 500CYC 129/0 
ESD 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: OO9XF 


Die Lot Numbers: 02332, 29314, and 35505 


TEST ENDPOINT RESULTS 
150°C Dynamic Op-Life 416 HRS 201/2¢ 
125°C Dynamic Op-Life _ 1000 HRS 201/0 
130°C/85% RH HAST 200 HRS 201/0 
~65°C/150°C Thermal Shock 1000 CYC 201/0 
ESD 2000 V 3/0 


16R4-5 and 20R4-5 
Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 


Device Type: 20R4-5 


Package Type: 24 pin PDIP 
Date Code: 048XF 
Die Lot Number: 28933 
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Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 (continued) 


TEST 

125°C Dynamic Op-Life 
130°C/85% RH HAST 
—65°C/150°C Thermal Shock 
ESD 


SS/F 
129/1 
129/1 
129/1 
3/0 


ENDPOINT 
1000 HRS 
100 HRS 
1000 CYC 
2000 V 


EXTENDED 
RESULTS READPOINT RESULTS 
128/13 2000 HRS 128/0 
129/0 

129/0 

6/0 


16R6-5 and 20R6-5 


Required Tests and Results for TIBPAL16R6-5 and TIBPAL20R6-5 


Device Type: 20R6-5 
Package Type: 24 pin PDIP 
Date Code: 9122 

Die Lot Number: 1127109 


TEST 

125°C Dynamic Op-Life 
130°C/85% RH HAST 
—65°C/150°C Thermal Shock 
—65°C/150°C Temp Cycle 
ESD 


SS/F 
129/1 
129/1 
129/1 
129/1 
3/0 


EXTENDED 
ENDPOINT RESULTS READPOINT RESULTS 
1000 HRS {29/0 
100 HRS 127/0° 
1000 CYC {29/0 
1000 CYC {29/0 
2000 V 3/0 
16R8-5 and 20R8-5 


Required Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 

Die Lot Number: 0289233 


TEST 

150°C Dynamic Op-Life 
125°C Dynamic Op-Life 
130°C/85% RH HAST 
—65°C/150°C Thermal Shock 
—65°C/150°C Temp Cycle 
ESD 

Autoclave 


SS/F 
129/1 
129/1 
129/1 
129/1 
129/1 
3/0 
76/0 


ENDPOINT 
416 HRS 
168 HRS 
200 HRS 
200 CYC 
1000 CYC 
2000 V 

240 HRS 


EXTENDED 
RESULTS READPOINT RESULTS 
129/0 1000 HRS 129/0 
129/0 1000 HRS 129/0 
129/0 
129/0 
129/0 
3/0 
76/0 
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Additional Qualification Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 106XF 


Die Lot Numbers: 0289233, 0310676, and 1 011759 


TEST ENDPOINT RESULTS 

150°C Dynamic Op-Life 416 HRS 400/18 

125°C Dynamic Op-Life 1000 HRS 400/0 

85°C/85% RH Biased Humidity 1000 HRS 201/0 

~65°C/150°C Temp Cycle 1000 CYC 201/14 

ESD 2000 V 3/0 

1. 1unit received EOS damage due to reverse socket insertion - removed from population. 
2. Failure determined to be caused by ESD/EOS, source unknown. TI FA Report # D12-00531 
3. Failure determined to be caused by reverse socketing. Tl FA Report # D12-00662 

4. 2units mechanically damaged beyond repair — unable to test — removed from sample. 
5. Failure caused by mechanical damage of 1st level metal. Tl FA Report # D13-00004 

6. Failure analysis results conclude interlevel oxide crack caused metal-1 to metal-2 short. 


TI FA Report # D13-00010 
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CHARACTERIZATION INFORMATION 


TIBPAL20L8-5C 
TIBPAL20R8-5C 


4-77 





TIBPAL20L8-5C 


SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 


125 


Tae 


0 25 50 75 100 


-25 





-75 -50 


200 


yu — queuing Aiddng— 99, 


Ta — Free-Air Temperature — °C 
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tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 











TIBPAL20L8-5C (continued) 


PROPAGATION DELAY TIME 
(tpLH from I, I/O to O, I/O) 
| vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 
C.. = 50 pF 
NT Package 


0 
-75 -50 -25 0 25 50 75 100 125 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy. from I, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 2 
C. = 50 pF 
NT Package 


0 
-75 -50 -25 0 25 50 75 100 125 


Ta — Free-Air Temperature — °C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 





PROPAGATION DELAY TIME 
(tp_y from I, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


cn BRC. 90% Point rs 

i ae rE | 
Oa ine ae — a <ac 
eet 

Voc = 5.25 V 

R1 = 2000 

R2 = 200 


Cy = 50 pF 
NT Package 












0 
~75 -50 -25 0 25 50 $75 100 125 


Ta — Free-Air Temperature —°C 


PROPAGATION DELAY TIME 
(tpH_ from I, I/O to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 


90% Point a” 


me 


- 


Voc = 5.25 V 
Ri = 200Q 
R2 = 200 Q 
C. = 50 pF 
NT Package 


0 
-75 -50 -25 0 25 50 $75 100 125 


Ta —Free-Air Temperature — °C 
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tpLz — Disable Time from Low Level — ns 


tPHZ — Disable Time from High Level —ns 








TIBPAL20L8-5C (continued) 


DISABLE TIME 
(tp_z from I, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 
C. = 50 pF 


90% Point 


_. a 
ee 


10% Point Mean 


0 
-75 -50 -25 0 25 50 $75 100 125 


Ta — Free-Air Temperature — °C 


DISABLE TIME 
(tpyz from I, VO to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 
C, = 50 pF 
NT Package 


0 
—75 -50 -25 0 25 650 75 100 125 


Ta — Free-Air Temperature — °C 


tpLz ~ Disable Time from Low Level — ns 


tpHZ — Disable Time from High Level —ns 








DISABLE TIME 
(tp_z from I, I/O to O, VO) 
VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 Q 
C, = 50 pF 
NT Package 


0 
-75 -50 -25 0 25 §0 75 100 125 


Ta — Free-Air Temperature —°C 


DISABLE TIME 
(tpyz from I, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = §.25 V 
R1 = 200 Q 
R2 = 200Q 
C, = 50 pF 
FN Package 


0 
~7§ -50 -25 0 25 50 $75 100 125 


Ta — Free-Air Temperature —°C 
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tpzi — Enable Time to Low Level —ns 


tPZH — Enable Time to High Level — ns 











TIBPAL20L8-5C (continued) 


ENABLE TIME 
(tpz_ from I, I/O to O, I/O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 


-~75 -50 -25 0 25 50 $75 100 125 
Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from I, I/O to O, I/O) 
Vs 
FREE-AIR TEMPERATURE 


90% yes 


a 


= ae a 
> 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 Q 
C. = 50 pF 
FN Package 


0 
-75 -50 -25 0 25 50 $75 100 125 


Ta —Free-Air Temperature — °C 


tp7L — Enable Time to Low Level — ns 


tpZ7H — Enable Time to High Level — ns 











ENABLE TIME 
(tpz, from I, I/O to O, /O) 
vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 2 
Cy. = 50 pF 


0 
-75 -50 -25 0 25 50 $75 100 125 


Ta — Free-Air Temperature —°C 


ENABLE TIME 
(tpzH from I, 1/0 to O, I/O) 
VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1=200Q 
R2 = 200 Q 
Ci = 50 pF 
NT Package 


0 
-75 -50 -25 O 25 50 $75 100 125 


Ta —Free-Air Temperature —°C 
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TIBPAL20R8-5C 


SUPPLY CURRENT 
vs 
_ SHEET RESISTANCE 


160 


140 


loc — Supply Current —mA 


120 
Voc = 5.25 V 
Ta = 25°C 
FN Package 





Sheet Resistance — kQ 


DISABLE TIME (tp; 7) DISABLE TIME (tp}jz) 


OET to Q with 8 Outputs Switching in Phase OET to Q with 1 Output Switching 
vs vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


Voc = 5.25 V 
R1 = 200Q 
R2 = 200 Q 
Ta = 80°C 
f=1MHz 

FN Package 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 Q 
Ta =0°C 
f=1 MHz 

FN Package 


tpLz — Disable Time from Low Level — ns 
tpHZ — Disable Time from High Level — ns 





2 1 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 &0 60 70 80 90 100 
C,_ — Load Capacitance — pF C. — Load Capacitance — pF 
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tsu — Setup Time — ns 


tPLH — Propagation Delay Time, Low to High — ns 





TIBPAL20R8-5C (continued) 





SETUP TIME HOLD TIME 
(With 8 Outputs Switching In Alternate Direction) (With 8 Outputs Switching in Same Direction) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 
Voc = 5.25 V =u Voc = 5.25 V 
Ri =200Q R1 = 200 Q 
R2 = 200 Q R2 = 200 2 
Cy = 50 pF -1f c, = 50 pF 
Ta = 80°C Ta = 80°C 
f = 20 MHz . f = 20 MHz 
FN Package "i ~1. FN Package 
E 
c 
3-1. 
(°] 
x 
i 
x 
“ —1.6 
-1.8 
—2 
Sheet Resistance — kQ Sheet Resistance —kQ 
PROPAGATION DELAY TIME, CLK to Q PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching in Same Direction) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 


2.5 


3 
Voc = 4.75 V Voc = 5.25 V 
ost R1=2000 sgt Ri=2000 
1 R2 = 2000 ‘ST R2= 2000 


Cy = 50 pF 
Ta = 80°C 
f=1MHz 
FN Package 


C. = 50 pF 
Ta =0°C 
f= 10 MHz 
FN Package 





tPLH — Propagation Delay Time, Low to High — ns 
Ls) 





16 17 18 16 17 18 
Sheet Resistance — kQ Sheet Resistance — kQ 
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TIBPAL20R8-5C (continued) 





PROPAGATION DELAY TIME, CLK to Q | PULSE DURATION 
(With 8 Outputs Switching in Same Direction) | (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 
@ 
e Voc = 5.25 V 
: Ri = 2000 
8 R2 = roe 2 
Cy =50p 
. eC Ta =0°C 
x) c f = 10 MHz 
= g FN Package 
: 5 
- a 
a g 
é é 
c | 
3 Voo = 5.25 V o 
o R1 =200 9 £ 
a R2=2000 > 
2 Cy = 50 pF sa 
* Ta = 80°C 
rs f= 10 MHz 
2. FN Package 
16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ Sheet Resistance — kQ 
PULSE DURATION DISABLE TIME, OET to Q | 
(With 1 Output Switching) (With 8 Outputs Switching in Same Direction) 
vs | vs 
SHEET RESISTANCE SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 2 
R2 = 200 Q 
Cy = 50 pF 
Ta = 80°C 
f= 10 MHz 


Voc = 5.25 V 
R1 = 200 2 
R2 = 200 Q 
C_ = 50 pF 
Ta =0°C 

f = 10 MHz 
FN Package 


tw (low) — Pulse Duration — ns 
tPLZ — Disable Time from Low Level — ns 





4 


9 20 
Sheet Resistance — kQ Sheet Resistance — kQ 
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tPLZ~— Disable Time from Low Level — ns 


tpHZ — Disable Time from High Level — ns 








TIBPAL20R8-5C (continued) 


DISABLE TIME, OET to Q DISABLE TIME, OET to Q 
(With 8 Outputs Switching In Same Direction) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 


6 4 
Voc =4.75 V 
5 R1 = 2000 Y a5 R1 = 2009 
R2 = 200 Q : R2 = 200 Q 


CL = 50 pF 
Ta = 80°C 
f= 1 MHz 
FN Package 


C, = 50 pF 
Ta =0°C 

f = 10 MHz 
FN Package 





16 17 18 16 17 18 
Sheet Resistance — kQ Sheet Resistance — kQ 
DISABLE TIME, OET to Q DISABLE TIME, OET to Q 
(With 8 Outputs Switching in Same Direction) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 


o 
iS) 


Voc = 4.75 V 
Ri = 200 Q 
R2 = 200 
Cy. = 50 pF 
Ta = 80°C 
f= 1MHz 

FN Package 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 © 


o 


Ci = 50 pF 
Ta =0°C 






2.8f FN Package 


'PHZ — Disable Time from High Level — ns 


2.4 
2.2 
2 
16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ Sheet Resistance — kQ 
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tpzL ~ Enable Time to Low Level —ns 


tpZH — Enable Time to High Level — ns 
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2.5 


16 


16 








TIBPAL20R8-5C (continued) 


ENABLE TIME, OE! to Q 

(With 8 Outputs Switching in Same Direction) 
vs 

SHEET RESISTANCE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 200 2 
Cy. = 50 pF 
Ta = 80°C 
f= 1 MHz 

FN Package 





17 18 
Sheet Resistance — kQ 


ENABLE TIME, OE! to Q 


(With 8 Outputs Switching in Same Direction) 


VS 
SHEET RESISTANCE 


Voc = 4.76 V 
R1 = 200 Q 
R2 = 200 Q 
Cy. = 50 pF 
Ta = 80°C 
f=1MHz 

FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


tpzL — Enable Time to Low Level —ns 


tpZH — Enable Time to High Level — ns 





3.4 


ae 
to 


oe 


© 


ENABLE TIME, OE! to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
Ri = 200 2 
R2 = 200 Q 


17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


ENABLE TIME, OE. to Q 
(With 1 Output Switching) 
VS 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 Q 
C. = 50 pF 
Ta =0°C 

f = 10 MHz 
FN Package 





Sheet Resistance — kQ 





24-pin 7-ns and 24-pin 10-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL20L8-7C 
TIBPAL20R4-7C 
TIBPAL20R6-7C 
TIBPAL20R8-7C 
TIBPAL20L8-10C 
TIBPAL20R4-10C 
TIBPAL20R6-10C 
TIBPAL20R8-10C 
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DEVICE INFORMATION 
24-pin 7-ns and 24-pin 10-ns IMPACT-X PLDs 


I “TeChnOlOOY t2scnacdesa vei itads IMPACT-X 

2. Package TypeS: ...........0... 24-pin plastic DIP, 
28-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

4... Bal SIZO ci teat ete weawe dewanes 107 x 96 mils 


5. Still Air Thermal Impedance : 


PDIP PLCC 


6. Roya with Air Flow: 
FPM PDIP PLCC. 


100 
250 
500 
750 
1000 





The TIBPAL20XX-10 is down binned (selected from) TIBPAL20XX-7. The TIBPAL20XX-10 devices are not tested 
to the 7-ns specifications. 


This device is from the same master bar as the TIBPAL16XX-7C. Therefore the qualification and characterization data 
are the same. 
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QUALIFICATION INFORMATION 


The TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 devices are qualified using the accelerated qualification 
program. The following summaries give the required tests and results for this device family as well as any additional 


test performed for additional data. 


Required Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 


Device Types: 20R6-7, 20R8-7, and 20L8-7 
Package Type: 24 pin PDIP 
Date Codes: 935XF, 935XF, and 989XF 


Die Lot Numbers: 15080, 14508, and 20604 


TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
—65°C/150°C Thermal Shock 129/1 
—65°C/150°C Temp Cycle 77/1 
ESD 3/0 


ENDPOINT 
420 HRS 
208 HRS 
100 HRS 
100 CYC 
100 CYC 
2000 V 


RESULTS 
287/0 
257/0 
258/0 
129/0 
77/0 

3/0 


EXTENDED 
READPOINT RESULTS 


1000 HRS 2571/0 


1000 CYC 129/0 
1000CYC = 77/0 


Additional Qualification Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and 
TIBPAL20XX-10 


Device Type: 20R4-7 


Package Type: 20 pin PDIP 
Date Code: 922XF 


Die Lot Numbers: 08980, 09343, and 09344 


TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
~65°C/150°C Thermal Shock 77/1 
ESD 3/0 


ENDPOINT 
384 HRS 
208 HRS 
100 HRS 
200 CYC 
2000 V 


RESULTS 
201/0 
201/0 
199/0! 
201/0 

3/0 


EXTENDED 

READPOINT RESULTS 
1000 HRS 201/0 
1000 HRS 201/0 


1. 2units mechanically damaged beyond repair - unable to test - removed from sample. 
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SA NS ie Na a a Ne AT SA IEE a a I nS a RSS 
CHARACTERIZATION INFORMATION 


TIBPAL20L8-7C/10C 
TIBPAL20R4-7C/10C 
TIBPAL20R6-7C/10C 
TIBPAL20R8-7C/10C 
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tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tp_H from I, I/O to O, VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 


Q = 10% Point 
4& =WMean 
O =90% Point 





Ta —Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(tpy from |, I/O to O, /O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.76 V 
R1 = 200 © 


Q@ = 10% Point 
& =WMean 
O =90% Point 





Ta — Free-Air Temperature — °C 


TIBPAL20L8-7C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 











PROPAGATION DELAY TIME 
(tp_Ly from |, /O to O, /O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 2000 
R2 = 390 Q 
C, = 50 pF 


Go =10% Point 
& =WMean 
© = 90% Point 


= 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy. from I, /O to O, VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 2000 


Oo = 10% Point 
& =Mean 
= 90% Point 


Ta — Free-Air Temperature — °C 
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TIBPAL20L8-7C (continued) 


tpLz — Disable Time from Low Level —ns 


tPHZ — Disable Time from High Level — ns 


PROPAGATION DELAY TIME 
(tp, z from I, I/O to O, I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 


R1 = 2000 A 
R2=390Q 


= Mean 


Oo = 10% Point 


Oo =90% Point 





Ta — Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from I, I/O to O, /O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
C, =5 pF O =90% Point 


& =Mean 





25 50 75 
Ta —Free-Air Temperature — °C 


100 


O = 10% Point 


100 


tpLZ — Disable Time from Low Level — ns 


'PHZ — Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(tp_z from I, 1/0 to O, I/O) - 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 


0 =10% Point 
A =WMean 
O =90% Point 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from I, I/O to O, I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
Ri = 200 © 
R2 = 390 Q 
Cy = 5 pF O = 90% Point 


oO =10% Point 
A =Mean 


id 50 7 100 
TA — Free-Air Temperature — °C 
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tpzL — Enable Time to Low Level — ns 


'PZ7H — Enable Time to High Level —ns 








PROPAGATION DELAY TIME 
(tpz. from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q ~ 
R2 = 390 © = nee 
C_ = 50 pF O = 90% Point 
25 50 75 100 
Ta — Free-Air Temperature — °C 


= 10% Point 


PROPAGATION DELAY TIME 
(tpzy from I, I/O to O, I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 
R2 = 390 © 
CL = 50 pF 


Oo =10% Point 
& =Mean 
O = 90% Point 


25 50 0t*«‘«‘SS; 100 
Ta — Free-Air Temperature — °C 


tp7L — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level —ns 











TIBPAL20L8-7C (continued) 


PROPAGATION DELAY TIME 
(tpz;_ from I, I/O to O, I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 20002 


O = 10% Point 


R2 = 3900 4 = Mean 
CL = 50 pF © =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from I, I/O to O, I/O) 


VS 
FREE-AIR TEMPERATURE 
Voc= 5.25 Vv 


R1 = 200 
R2 = 390 © 


DO = 10% Point 
A =WMean 


O =90% Point 


Ta — Free-Air Temperature — °C 





4-95 





TIBPAL20R4-7C 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpLH from I, /O to /O) (tpLH from I, I/O to VO) 
vs . vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 5.25 V 


Voc = 4.75 V 
R1 = 200 


Al = 200 2 


3 O = 10% Point © =10% Point 





tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 





4& =Mean & =Mean 
2 = 90% Point O = 90% Point 
0 25 50 75 100 0 25 50 7 100 
Ta —Free-Air Temperature — °C Ta — Free-Alr Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp, from I, /O to I/O) (tpy, from I, 1/0 to /O) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





tPHL -Propagation Delay Time, High to Low — ns 
tPHL -Propagation Delay Time, High to Low — ns 


Voc —- Vv 6 = 10% Point voc es V © = 10% Point 
= = 
R2 = 390 & -=Meen R2 = 390.0 a, heen 
Cy = 50 pF O = 90% Point C, = 50 pF O =90% Point 
0 25 50 75 100 0 25 50 75 100 


Ta —Free-Air Temperature — °C Ta — Free-Alr Temperature — °C 


’ 
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TIBPAL20R4-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp_z from I, I/O to I/O) (tp, z from I, 1/0 to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V 6D = 10% Point 
R1 = 2009 A 


Voc = 5.25 V DO =10% Point 
= R1 = 200 Q a 
= Mean Ro = 390 O & =Mean 


© =90% Point 


O =90% Point 


tpLz — Disable Time from Low Level — ns 
tpLz — Disable Time from Low Level — ns 





Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpyz from I, I/O to I/O) (tpyz from I, 1/0 to I/O) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


tPHZ — Disable Time from High Level —ns 
'PHZ — Disable Time from High Level — ns 





nee F oe V 0 =10% Point ue es Vv O = 10% Point 
= e = Q - 
R2 = 3900 4 =Mean R2 = 390 0 4 = Mean 
C, = 5 pF © =90% Point CL =5 pF © =90% Point 
0 25 50 75 100 0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
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tpz7 ~ Enable Time to Low Level — ns 


'PZH — Enable Time to High Level —ns 





TIBPAL20R4-7C (continued) 


PROPAGATION DELAY TIME 
(tpz, from I, I/O to /0) 
Vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 V gO =10% Point 
Ri = 2000 


R2 = 390 0 Seen 
Cy = 50 pF O = 90% Point 


25 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from I, /O to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 200 Q 
R2 = 390 Q 


o =10% Point 
4 =Mean 
Oo =90% Point 





Ta —Free-Air Temperature — °C 


tp7L — Enable Time to Low Level —ns 


tp7H — Enable Time to High Level —ns 








PROPAGATION DELAY TIME 
(tpz, from I, I/O to I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 2 


oO =10% Point 


R2 = 3902 & =Mean 
Cy = 50 pF O = 90% Point 


25 50 75 100 
Ta — Free-Alr Temperature — °C 


~ PROPAGATION DELAY TIME 
(tpzp from I, I/O to I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 


GQ =10% Point 
4 =Mean 
O =90% Point 


Ta — Free-Air Temperature — °C 
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TIBPAL20R4-7C (continued) 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL —Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tpLH from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


= 10% Point 
4& =Mean 
O =90% Point 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 2 
C, = 50 pF O =90% Point 


oO =10% Point 
A =WMean 





25 50 75 100 


Ta — Free-Air Temperature — °C 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tp_LH from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 2002 
R2 = 3900 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp, from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 
R2 = 390 Q 
C. = 50 pF O = 90% Point 


4& =WMean 





25 50 75 
Ta — Free-Air Temperature — °C 


O =10% Point 
A =Mean 
O =90% Point 


OG = 10% Point 


100 
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tpLz — Disable Time from Low Level — ns 


tPHZ — Disable Time from High Level — ns 





PROPAGATION DELAY TIME 
(tp, z from OE. to Q) 


vs 
FREE-AIR TEMPERATURE 


R1 = 200 Q 


R2 = 390 © A 2 Mean 


oO = 90% Point 


25 50 75 100 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OEJ to Q) 


VS 
FREE-AIR TEMPERATURE 


pm = 10% Point 
A =Mean 
© = 90% Point 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 





) = 10% Point| 


TIBPAL20R4-7C (continued) 


tPLZ — Disable Time from Low Level — ns 


a5 =o : pane 





tPHZ — Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(tp_z from OEJ to Q) 


vs 
FREE-AIR TEMPERATURE 








10% Point 
& =Mean 
©O =90% Point 


R1 = 200 © 
R2 = 390 © 










Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE, to Q) 
Vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V Op = 10% Point 
R1 = 200 Q 
R2 = 390 Q 


A =WMean 
O =90% Point 


Ta —Free-Air Temperature — °C 
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tpZzL — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level — ns 





TIBPAL20R4-7C (continued) 


PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 6 = 10% Point 
R1 = 2000 i dation 


R2 = 3909 
CL = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
_ (tpzy from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 = 10% Point 
Ri = 200 err 


R2 = 390 Q 
O =90% Point 





Ta —Free-Air Temperature — °C 


tpZL — Enable Time to Low Level — ns 


'PZH — Enable Time to High Level — ns 











PROPAGATION DELAY TIME 
(tpz, from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


oO = 10% Point 
4 =Mean 
O =90% Point 


2 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


0 = 10% Point 
A =WMean 
Oo = 90% Point 


sai 50 75 100 
Ta —Free-Air Temperature — °C 
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tPLH — Propagation Delay Time, Low to High — ns 


tPHL —Propagation Delay Time, High to Low — ns 
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PROPAGATION DELAY TIME 
(tp_y from I, I/O to I/O) 


vs 
FREE-AIR TEMPERATURE 





Voc =4.75V _ 
Ri = 200 Q 


3 Qo = 10% Point 
& =Mean 
O =90% Point 


0 25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy: from |, I/O to I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc =4.75V © =10% Point 
Ri = 200 © 


R2 = 390 © Ameen 
C. = 50 pF © =90% Point 


0 25 50 7§ 100 
Ta — Free-Air Temperature — °C 





tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 





TIBPAL20R6-7C 


PROPAGATION DELAY TIME 


(tpLH from I, I/O to /O) 
vs 
FREE-AIR TEMPERATURE 





Voc = 5.25 V 
R1 = 200 © 


31g = 10% Point 
A =Mean 
10 =90% Point 


: sis 80 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy. from I, 1/0 to I/O) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V DO = 10% Point 
R1 = 200 Q 


R2 = 3900 4 =Mean 
C, = 50 pF © =90% Point 


0 25 50 75 100 
Ta — Free-Air Temperature — °C 








tpLz — Disable Time from Low Level — ns 


tPHZ — Disable Time from High Level — ns 





| R2 = 390 2 





TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME 
(tp_z from I, I/O to 1/0) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 


Oo =10% Point 
4& =Mean 
O =90% Point 


tpLz- Disable Time from Low Level — ns 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from |, /O to /O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V = 10% Point 


R1 = 200 © 


'PHZ — Disable Time from High Level — ns 


4 =Mean 
Cy = 5 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp_z from I, I/O to /O) 
vs 


FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 


Gg = 10% Point 
A =Mean 
©O =90% Point 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from I, I/O to /O) 


VS 
FREE-AIR TEMPERATURE 





oO = 10% Point 
A =WMean 


O =90% Point 





25 50 75 
Ta — Free-Air Temperature — °C 


100 
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tpZL — Enable Time to Low Level —ns 


tpZ7H — Enable Time to High Level — ns 


4-104 








PROPAGATION DELAY TIME 
(tpz, from I, 1/0 to I/O) 
vs 


FREE-AIR TEMPERATURE 


oO =10% Point 
4 =Mean 
©O = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


Ri = 200 Q 
R2 = 3900 
Cy = 50 pF 


PROPAGATION DELAY TIME 
(tpzy from |, 1/0 to /O) 


vs 
FREE-AIR TEMPERATURE 


Voc =4.75 V O =10% Point 
Ri = 200 Q 
R2 = 3902 & c= Mean 
C, = 50 pF O =90% Point 
25 50 75 100 
Ta — Free-Air Temperature — °C 


TIBPAL20R6-7C (continued) 


tp7i — Enable Time to Low Level — ns 





tPZH — Enable Time to High Level — ns 





PROPAGATION DELAY TIME 
(tpz, from I, I/O to I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 2000 _ 
R2 = 390 © Sa Mes 

Ci = 50 pF O = 90% Point 


25 50 75 100 
Ta —Free-Air Temperature — °C 


QO = 10% Point 


PROPAGATION DELAY TIME 
(tpz} from I, I/O to I/O) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V © = 10% Point 
R1 = 200 © 


R2 = 3900 simak 
Ci = 50 pF O = 90% Point} 


25 50 75 100 
Ta — Free-Air Temperature — °C 
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TIBPAL20R6-7C (continued) 


tPLH — Propagation Delay Time, Low to High — ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tpLy from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


O =10% Point 
4& =Mean 
Oo =90% Point 


Voc = 4.75 V 
R1 = 200 © 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
C, = 50 pF | O =90% Point 


25 50 75 100 


= 10% Point 
4& =WMean 





Ta — Free-Air Temperature — °C 


tPLH — Propagation Delay Time, Low to High — ns 


PHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tp_y from CLK to Q) 
vs 
FREE-AIR TEMPERATURE 


O = 10% Point 
& =-=Mean 
O = 90% Point 


Voc = 5.25 V 
R1 = 200 0 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy,_ from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V oO =10% Point 


R1 = 200 Q > 
R2 = 3900 4 =Mean 
C, = 50 pF © =90% Point 





25 50 75 100 


T a —Free-Air Temperature — °C 
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TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tp_z from OE! to Q) (tp_z from OE to Q) 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V ‘ DB = 10% Point] - 
R1 = 200 Q = 

R2 = 3900 agua 

C, = 5 pF © =90% Point 


Voc = 5.25 V O = 10% Point 
R2 = 390 O 


= Mean 
© =90% Point 


tPLz — Disable Time from Low Level —ns 
tPLz — Disable Time from Low Level —ns 





Ta — Free-Air Temperature — °C Ta —Free-Air Temperature — °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpyz from OE! to Q) (tpyz from OE to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V : 0 = 10% Point 
R1= 2000 7 
R2 = 3900 s) -meen 


Voc = 5.25 V © = 10% Point 
R1 = 2000 7 
R2 = 3900 A een 


Oo =90% Point Oo = 90% Point 


tPHZ — Disable Time from High Level — ns 
tPHZ — Disable Time from High Level — ns 





Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
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tpzL ~ Enable Time to Low Level — ns 


'PZH — Enable Time to High Level —ns 











TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 = 10% Point 
R1 = 200 Q A. =Méan 


R2 = 3909 
C. = 50 pF O = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R1 = 200 Q Pee ee 


R2 = 390 Q 
© =90% Point 


Ta — Free-Air Temperature — °C 


tpz- ~ Enable Time to Low Level — ns 


'P2H — Enable Time to High Level —ns 








PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V O =10% Point 
Ri = 2002 


R2 = 390 0 & = Mean 
CL = 50 pF O =90% Point 


“5 50 75 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 
vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V M = 10% Point 
R1 = 200 Q A = Mean 


R2 = 390 Q 
O =90% Point 


2 50 7 100 
Ta — Free-Air Temperature — °C 
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TIBPAL20R8-7C 


PROPAGATION DELAY TIME 
(tp_y from CLK to Q) 
VS 


FREE-AIR TEMPERATURE 


O =10% Point 
& =Mean 
Oo =90% Point 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 


tPLH — Propagation Delay Time, Low to High — ns 
tPLH — Propagation Delay Time, Low to High — ns 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc =4.75V 
R1 = 200 © 
R2 = 390 O 
C. = 50 pF 


oO 25 50 75 100 
Ta — Free-Air Temperature — °C 


Oo =10% Point 
A =WMean 
O = 90% Point 


tPHL -Propagation Delay Time, High to Low — ns 
tPHL -Propagation Delay Time, High to Low — ns 
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PROPAGATION DELAY TIME 
(tp_y from CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


6 = 10% Point 
& =Mean 
O = 90% Point 


Voc = §.25 V 
R1 = 200 © 
R2 = 390 © 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) 
VS 


FREE-AIR TEMPERATURE 


Voc = 5.25 V 
R1 = 200 Q 

R2 = 390 Q . 
C, = 50 pF O =90% Point 


O = 10% Point 
4 =Mean 


=e a0 75 100 
Ta —Free-Air Temperature —°C 


TIBPAL20R8-7C (continued) 


tpLz — Disable Time from Low Level — ns 


'PHZ — Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(tp_z from OE to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0D = 10% Point 
Ri = 2002 
R2 = 3902 a: aimean 


Oo =90% Point 


tpLz — Disable Time from Low Level — ns 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 = 10% Point 
Ri = 200 Q f 
R2 = 3900 Se mean 

Oo =90% Point 


'PHZ — Disable Time from High Level — ns 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp_z from OEJ to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.25 V © = 10% Point 
R1 = 200Q = 
R2 = 390 © a omen 


O =90% Point 





Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpyz from OE to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V O = 10% Point 


R1 = 200 Q 
R2 = 3900 ween 


O =90% Point 





Ta —Free-Air Temperature — °C 
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tpzi — Enable Time to Low Level — ns 


tPZH — Enable Time to High Level —ns 





TIBPAL20R8-7C (continued) 


PROPAGATION DELAY TIME 
(tpz,_ from OET to Q) 


Vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 2000 
R2 = 390 © a amen 

Cy = 50 pF O =90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


= 10% Point 


PROPAGATION DELAY TIME 
(tpzy from OET to Q) 


VS 
FREE-AIR TEMPERATURE 


oO =10% Point 
A =WMean 
O =90% Point 


Voc = 4.75 V 
Ri = 2000 
R2 = 390 © 





TA — Free-Air Temperature — °C 


tpZL — Enable Time to Low Level —ns 


'PZH — Enable Time to High Level—ns 





PROPAGATION DELAY TIME 
(tpz_ from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V GO = 10% Point 
R1 = 200 A =Mean © 


R2 = 390 2 
Cl. = 50 pF O = 90% Point 


25 50 75 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME | 
(tpzy from OET to Q) 
vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V O = 10% Point 
R1 = 200 A =Mean 


R2 = 390 Q 
© =90% Point 





Ta — Free-Air Temperature — °C 
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tsu — Setup Time — ns 








TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 





SETUP TIME HOLD TIME 
(Input or feedback before CLK 7) (Input or feedback after CLK 7) 
vs vs 
FREE-AIR TEMPERATURE , FREE-AIR TEMPERATURE 
Voc = 4.76 V OG =Low RK 
R1 = 200 0 4& =Normal RK 
R2 = 390 © © =HighRK 
” 
| 
E 
= 
2 
° 
tT 
= 
Voc =4.75 V 
R1 = 200 © 
R2 = 390 O A =Normal RK 
C, = 50 pF O =High RK 
0 25 50 75 100 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
PULSE DURATION 
(High or Low) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 =Low RK 
R1 = 200 Q A =Normal RK 


nee S © =HighRK 


tw — Pulse Duration — ns 





Ta — Free-Air Temperature — °C 
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TIBPAL22V10-15BC 
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DEVICE INFORMATION 


TIBPAL22V10-15BC 

TECNNOIODY. cinaateces bance savas IMPACT-X 
Package Typ@S: ....... cee eeeee 24-pin plastic DIP, 

28-pin plastic PLCC 
Last Die Revision ...........66. X (None) 
BahSIZe. ssuvencareuatceteeeuae 130 x 130 mils 
Still Air Thermal Impedance : 

PDIP PLCC 


RoJA 
Resc 


Rega with Air Flow : 


FPM PDIP PLCC 
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QUALIFICATION INFORMATION 


The TIBPAL22V 10-1 5BC is qualified using the accelerated qualification program. The following summaries give the 
required tests and results for this device and any additional test performed for additional data. 


Required Tests and Results for TIBPAL22V10-15BC 


Package Type: 24 pin PDIP 
Die Lot Numbers: 9190916, 9244530, and 9107132 


TEST SS/F ENDPOINT RESULTS 
125°C Dynamic Op-Life 4129/1 1000 HRS 200/0 
130°C/85% RH HAST 129/1 100 HRS 200/1! 
~65°C/150°C Temp Cycle 129/1 1000 CYC 199/02 
—65°C/150°C Thermal Shock 77/1 200 CYC 200/0 
Autoclave 77/1 240 HRS 77/0 

ESD 3/0 2000 V 3/0 


1. Continuity failure caused by ESD. Tl FA Report # D12-00443 


EXTENDED 
READPOINT RESULTS 


900 HRS 199/0 


1000 HRS 200/0 


2. 1 unit mechanically damaged, broken lead, unable to test - removed from population. 
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CHARACTERIZATION INFORMATION 


TIBPAL22V10-15B 
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loc - Supply Current — mA 





tw — Pulse Duration —ns 


0 
14 18 


TIBPAL22V10-15B 


SUPPLY CURRENT 
VS 
SHEET RESISTANCE 


Virgin Devices 
At 90% Point 


| LNA ‘cee 
Ze See 


ae ee 
SSE 


Programmed Devices 
At 90% Point 


14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


PULSE DURATION 
VS 
SHEET RESISTANCE 





Es ery 
Aa 
re 


19 20 21 22 23 24 
ae ease kQ 













Propagation Delay Time — ns 


Propagation Delay Time — ns 





PROPAGATION DELAY TIME 
(I, VO to VO) 
vs 
SHEET RESISTANCE 


Veco = 4.75 V 
R1 = 300 2 
R2 = 390 Q 
C. = 50 pF 
Ta = 80°C 


9 
14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance ~— kQ 


PROPAGATION DELAY TIME 
(CLK to 0) 
vs 
SHEET RESISTANCE 





Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 QO 
Cy = 50 pF 










14 15 19 20 21 22 23 24 
Ham Satie kQ 
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Disable Time — ns 


tsu ~— Setup Time — ns 





TIBPAL22V10-15B (continued) 


DISABLE TIME 
vs 





15 





Voc = 4.75 V 
R1 = 300 2 


SHEET RESISTANCE 
R2 = 390 Q 
Cy = 5 pF 


TT 
ATT 
eT 

ae 







14 











13 


12 


ae ett 


14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ 


11 





SETUP TIME 
VS 
SHEET RESISTANCE 


Voc = 4.76 V 
R1 = 300 © 
R2 = 390 © 
Cy = 50 pF 
Ta = 80°C 





7 
14 15 16 17 18 19 20 21 22 23 24 


Sheet Resistance — kQ 


Enable Time — ns 


Propagation Delay Time —ns 





9 
14 15 16 





4 
14 15 16 17 18 
Sheet Resistance — kQ 


ENABLE TIME 
vs 
SHEET RESISTANCE 


Voc = 4.75 V 
R1 = 300 © 
R2 = 390 © 


17 18 19 20 21 22 23 24 


Sheet Resistance — kQ. 


PROPAGATION DELAY TIME 
(CLK to Q) 
Vs 
SHEET RESISTANCE 


Voc = 4.75V 
Ri = 300 © 
R2 = 390 © 
i 50 pF 


19 20 21 22 23 24 
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TIBPAL22V10-15B (continued) 


ASYNCHRONOUS RESET 





SETUP TIME RECOVERY TIME and PULSE DURATION 
vs VS 
SHEET RESISTANCE SHEET RESISTANCE 
7] 
rad 
i 
S 
E 
g FA Asynchronous Reset pn 
= s Recovery 
A. 
2 2 ee ae 
: P LETT 
5 g 
i E 
ry 
Ri = 300 Q 8 Asynchronous Reset 
R2 = 390 Q e Pulse Duration 
Cy = 50 pF 
; Ta = 80°C | 
14 18 16 17 18 19 20 21 22 23 24 44 16 16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ Sheet Resistance — kQ 
h 
FREQUENCY 
vs 
SHEET RESISTANCE 


f max — Frequency — MHz 





50 
14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance — kQ | 
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IMPACT-X Programmable Sequencers 
Devices included in this section: 


TIBPLS506AC 
TIBPSG507AC 
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DEVICE INFORMATION 
IMPACT-X Programmable Sequencers 


TEChNOlOOY <22ssskey esate IMPACT-X 

Package TypeS:.............00. 24-pin plastic DIP, 
24-pin ceramic DIP, 
28-pin plastic PLCC 

Last Die Revision ............... B 

Dal SIZO av cecceesieateaicaees 125 x 173 mils 


Still Air Thermal Impedance : 


PDIP CDIP PLCC 


Rega with Air Flow : 


FPM PDIP CDIP PLCC 


[ae | 288 
ee ee ee 







100 
250 
500 
750 
1000 
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QUALIFICATION INFORMATION 


The programmable sequencers are qualified using the standard qualification program. The following summaries give 
the required tests and results for this device and any additional test performed for additional data. 


Required Tests and Results for PLS506A and PSG507A 


Device Type: PLS506A 
Package Type: 24 pin PDIP 
Die Lot Number: 9137700 

TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
—65°C/150°C Temp Cycle 129/1 
—65°C/150°C Thermal Shock 129/1 
Autoclave 771 
ESD 3/0 


ENDPOINT 
384 HRS 
1000 HRS 
100 HRS 
1000 CYC 
200 CYC 
240 HRS 
2000 V 


| EXTENDED 
RESULTS READPOINT RESULTS 
129/01 
128/0¢ 2000 HRS 128/0 
129/0 500 HRS 129/0 
429/18 
129/0 1000 CYC 129/0 
77/0 384 HRS 77/0 
6/0 


1.1 unit mechanically damaged, broken lead, unable to test - removed from population. 
2. EOS damage due to reverse socket insertion - removed from population. Tl FA Report # D12-00423 


3. Fuse Defect. Ti FA Report # D12-00413 


Required Tests and Results for PLS506A and PSG507A Rev B Process Change 


Device Type: PSG507A 
Package Type: 24 pin PDIP 


Die Lot Numbers: 0206608 and 1027230 


TEST SS/F 
125°C Dynamic Op-Life 116/0 
130°C/85% RH HAST 129/1 


—65°C/150°C Thermal Shock 129/1 


Device Type: PLSS506A 
Package Type: 24 pin PDIP 

Die Lot Number: 1031145 

TEST | SS/F 
125°C Dynamic Op-Life 116/0 
130°C/85% RH HAST 77/0 


—65°C/150°C Thermal Shock 77/0 


ENDPOINT 
1000 HRS 
200 HRS 
1000 CYC 


ENDPOINT 
1000 HRS 
200 HRS 
1000 CYC 


RESULTS 
116/0 
150/11 
231/0 


RESULTS 
116/0 
77/0 

116/0 


1. Bond wire short due to excessive wire sweep. TI FA Report # DO0-10541 
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CHARACTERIZATION INFORMATION 


TIBPLS506AC and TIBPSG507AC 


The typical RK values for TIBPLS506AC and TIBPSG507AC range from —10% to +10%. RK values beyond this range 
are shown in the following graphs. 
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loc- Supply Current —mA 





TIBPLS506A and TIBPSG507A 


SUPPLY CURRENT 
VS 
FREE-AIR TEMPERATURE 


= -10% RK 
= +10% RK 


Ta —Free-Air Temperature — °C 
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TIBPLS506A and TIBPSG507A (continued) 


tPLH — Propagation Delay Time, Low to High — ns 





PROPAGATION DELAY TIME 
tp_LH from I to Q (nonregistered) 


VS 
FREE-AIR TEMPERATURE 


= +10% RK 
= 0% RK 
= ~20% RK 


Voc =4.75V 
R1 = 300 Q 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
tp_py from | to Q (nonregistered) with C-array 


tPHL —Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
tpHi from | to Q (nonregistered) 
vs 
FREE-AIR TEMPERATURE 


= +10% RK 
= 0% RK 
= -20% RK 


Voc =4.75V 
R1 = 300 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
tpy. from I to Q (nonregistered) with C-array 


VS 
FREE-AIR TEMPERATURE 


VS 
FREE-AIR TEMPERATURE 















32 | | | 
Voc = 4.75 V m = +30% RK Voc = 4.75 V = +30% RK 
R1 = 300 Q — 70 R1 = 300Q 
30+ R2 = 390 2 ore oe R2 = 3900 
O =-10% RK = -10% RK 





tPLH — Propagation Delay Time, Low to High — ns 
tPHL -Propagation Delay Time, High to Low — ns 





Ta — Free-Air Temperature — °C 


Ta — Free-Air Temperature — °C 
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TIBPLS506A and TIBPSG507A (continued) 


tu - Setup Time — ns 


tsu— Setup Time — ns 


16 


OUTPUT REGISTER SETUP TIME 
(Input or feedback to S/R Inputs before CLK 1) 


VS 
FREE-AIR TEMPERATURE 





4.75V = 430% RK 


R1 = 300 Q 





R2 = 390 Q = —8% RK 
14 = -10% RK 
12 
10 
8¢ 
6 


Ta — Free-Air Temperature — °C 


BURIED REGISTER SETUP TIME 
(Input or feedback to S/R inputs before CLK 7) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK 
= ~8% RK 
= —10% RK 


Voc = 4.75 V 
R1 = 300 © 
R2 = 390 2 
CL = 50 pF 


Ta —Free-Air Temperature — °C 





tsu - Setup Time —ns 


tsu — Setup Time — ns 








OUTPUT REGISTER SETUP TIME 
(Input or feedback to S/R inputs before CLK L) 
vs 
FREE-AIR TEMPERATURE 


“Vog = 4.75 V +30% RK 


R2 = 390 Q 


os 
R1 — 300 Q A = —~8% RK 
oO 


= —10% RK 


Ta —Free-Air Temperature — °C 


BURIED REGISTER SETUP TIME 


(Input or feedback to S/R inputs before CLK |) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V O =+30% RK 
R1 = 300 QO — 90 

R2 = 390.0 Aen 
C= 50 pF © =-10% RK 


? a 50 75 100 
Ta —Free-Air Temperature —°C 
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tgu- Setup Time — ns 


hs 


tPLH — Propagation Delay Time, Low to High — ns 





4-130 


TIBPLS506A and TIBPSG507A (continued) 


OUTPUT REGISTER SETUP TIME 
(Input or feedback with C-array 
to S/R inputs before CLK T) 

vs 
FREE-AIR TEMPERATURE 


Voc =4.75 V 
Ri = 300 Q 
R2 = 390 O 


= +30% RK 
= —8% RK 
= -10% RK 





Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp_y from CLK J to Output Register Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V O = +30% RK 
R1 = 3009 ~ 

R2 = 3900 salted 
Ci = 50 pF O =-10% RK 





Ta —Free-Air Temperature — °C 


tsu — Setup Time — ns 


tPHL —-Propagation Delay Time, High to Low —ns 


OUTPUT REGISTER SETUP TIME 
(Input or feedback with C-array 
to S/R inputs before CLK 1) 


VS 
FREE-AIR TEMPERATURE 


= +30% RK 
= —8% RK 
= —-10% RK 


Voc = 4.75 V 
R1 = 300 © 
R2 = 390 © 





Ta —Free-Air Temperature ~ °C 


PROPAGATION DELAY TIME 
(tpH_ from CLK J to Output Register Q) 


VS 
FREE-AIR TEMPERATURE 


Voc =4.75 V = +30% RK 
Ri =300Q 
R2 = 390 Q 


C= 50 pF = -10% RK 





Ta ~ Free-Air Temperature — °C 





su — Setup Time — ns 


COUNTER SETUP TIME 
(Input or feedback to SCLRO before CLK |) 


vs 
FREE-AIR TEMPERATURE 





R1 = 300 Q 





aw £)O0 
R2 = 3902 = ae 
20} CL = 50 PF = ~20% 
18 
16 


Ta —Free-Air Temperature — °C 


su — Setup Time — ns 





TIBPSG507A (only) 


- COUNTER SETUP TIME 
(Input or feedback to CNT/HLDO before CLK 1) 










VS 
FREE-AIR TEMPERATURE 
Voc = 4.75 V O =+10% RK 
R1 = 300 Q 





A =0% RK 
= -20% RK 





24 





Ta — Free-Air Temperature —°C 
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tPLH — Propagation Delay Time, Low to High — ns 
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tPLH — Propagation Delay Time, Low to High — ns 


TIBPLS506A and TIBPSG507A (continued) 


PROPAGATION DELAY TIME 
(tp_y from CLK T to Buried Register Q) 


VS 
FREE-AIR TEMPERATURE 
26 


= +30% RK 





Voc = 4.75 V 
R1 = 300 Q 


R2 = 390 0 
24 10% RK 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tp_y from CLK | to Buried Register Q) 


vs 
FREE-AIR TEMPERATURE 


“= 430% RK 
= ~8% RK 
= 10% RK 


Voc =4.75V 
R1 = 300 Q 
R2 = 390 Q 
Cy = 50 pF 


Ta — Free-Air Temperature — °C 





tPHL —-Propagation Delay Time, High to Low — ns 


tPHL —Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
(tpH_ from CLK T to Buried Register Q) 
vs 
FREE-AIR TEMPERATURE 


= +30% RK 
= —8% RK 
=—1 0% RK 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(tpy_ from CLK J to Buried Register Q) 


VS 
FREE-AIR TEMPERATURE 


= +30% RK 
= —8% RK 
= -10% RK 


Voc = 4.75 V 
R1 = 300Q 
R2 = 3900 
C. = 50 pF 





Ta —Free-Air Temperature — °C 


Sa Saga PO a TR EP PUT IOS Ee EER RES ES SO TG DE Ne BO Se RS A I TE SE SEE AS I RS aE EES aR SR Da NS OE AST, 
TIBPLS506A and TIBPSG507A (continued) 


tw — Pulse Duration — ns 


tw ~ Pulse Duration — ns 








OUTPUT REGISTER PULSE DURATION 
(CLK high) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK | 


Voc = 4.75 V a 
R1 = 300 Q soos 
R2 = 390 Q 2 econ 
O =-10% RK 
£ 
| 
£ 
° 
3 
£ 
3 
Qa 
3 
é& 
1 
es 
Ta — Free-Air Temperature — °C 
BURIED REGISTER PULSE DURATION 
(CLK high) 
vs 
FREE-AIR TEMPERATURE 
Voc =4.78V = +30% RK 
R1 = 300 Q =- 
R2 = 390 Q paca 
= -—10% RK 
g 
| 
c 
2 
£ 
3 
o 
® 
= 
| 
A. 
| 


Ta — Free-Air Temperature — °C 








OUTPUT REGISTER PULSE DURATION 
(CLK low) 


vs 
FREE-AIR TEMPERATURE 
3 = 430% RK 
= —~8% RK 
= —10% RK 


Voc = 4.75 V 
R1 = 300 0 
R2 = 390 
C, = 50 pF 


Ta — Free-Air Temperature — °C 


BURIED REGISTER PULSE DURATION 
(CLK low) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V = +30% RK 


R1 = 300 © a 
R2 = 390 © oeaeoal 
C, = 50 pF = —10% RK 
25 50 75 100 
Ta — Free-Air Temperature — °C 





4-133 








tezi ~— Enable Time to Low Level — ns 
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'PLZ — Disable Time from Low Level — ns 


- TIBPLS506A and TIBPSG507A (continued) 


DISABLE TIME 
(tpLz from OET to Q) 


VS 
FREE-AIR TEMPERATURE 





Voc = 4.75 V 
Ri = 300 0 
R2 = 390.0 


= +30% RK 
—8% RK 


—10% RK 


25 50 75 100 
Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpz, from OE. to Q) 


Vs 
FREE-AIR TEMPERATURE 


= +30% RK 
- 8% RK 
= -10% RK 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


'PHZ — Disable Time from High Level —ns | 


tp7H — Enable Time to High Level — ns 


DISABLE TIME 
(tpyz from OET to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 300Q 
R2 = 390 Q 


= +30% RK 
= ~8% RK 
= —10% RK 





Ta — Free-Air Temperature — °C 


ENABLE TIME 
(tpzy from OE to Q) 
vs 


FREE-AIR TEMPERATURE 


= +30% RK 
= ~8% RK 
= ~10% RK 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 Q 





Ta — Free-Air Temperature — °C 


TICPAL22V10Z 
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DEVICE INFORMATION 


TICPAL22V10Z 
TOCHNOIOOY: ataiesanews-ee bees a: CMOS 
Package Typ@S:.......cse0eeees 24-pin plastic DIP, 
24-pin windowed ceramic DIP, 
28-pin plastic PLCC 
Last Die Revision ............0.. B | 
Bal SIZG 4 ia deee some seas nes 93 x 160 mils 


Still Air Thermal Impedance : 


PDIP CDIP PLCC 


Roya With Air Flow : 


FPM PDIP CDIP PLCC 
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QUALIFICATION INFORMATION 
The TICPAL22V10Z device is qualified with the accelerated qualification program. The PLCC package needed 


additional qualification due to a change of mold compound. The following summaries give the required tests, results, 
and any additional testing performed for additional data. 


Required Tests and Results for TICPAL22V10Z 


Package Type: 24 pin PD 
Date Code: 9013 
Die Lot Number: 9333169 

| | EXTENDED 
TEST SS/F | ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1  413HRS 129/11 
125°C Dynamic Op-Life 129/1 168 HRS 129/12 ~ 1000 HRS 128/0 
130°C/85% RH HAST 129/1 100 HRS 129/0 200 HRS 129/0 
—65°C/150°C Thermal Shock 77/1 200 CYC 77/0 1000CYC  ~=—_ 77/0 
Autoclave | 77/1 240 HRS 77/0 
Latchup 5/0 5/0 
ESD | 3/0 2000 V 3/33 
ESD 1500 V 3/23 
ESD 1000 V 3/0 


Required Tests and Results for TICPAL22V102 PLCC Package 


Package Type: 28 pin PLCC 
Date Code: 9033BL 
Die Lot Number: 0089327 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Storage Life 77/1 1000 HRS 77/0 
125°C Dynamic Op-Life 129/1 1000 HRS 129/0 
85°C/85% RH 129/1 1000 HRS 129/0 | 
—65°C/150°C Thermal Shock 77/1 200 CYC 77/0 1000 CYC 77/0 
—65°C/150°C Temp Cycle 129/1 1000 CYC 129/0 
Autoclave 77/1 240 HRS 77/0 288 HRS 77/0 


ESD : 1000 V 3/09 


1. Root cause of failure undetermined. 
2. Failure due to particulate contamination of gate oxide. T! FA Report # D12-00526 
3. Device released on 1 kV ESD waver. 
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CHARACTERIZATION INFORMATION 


TICPAL22V10Z 
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VOL — Low-Level Output Voltage — mV 


350 


300 


250 





TICPAL22V10Z 





STANDBY SUPPLY CURRENT 
(Zero-Power Mode) 


vs 
FREE-AIR TEMPERATURE 


loc — Supply Current -— LA 





= 10% Point 
& =WMean 
O = 90% Point 


Ta — Free-Air Temperature — °C 


LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V B = 10% Point 
4 =WMean 
© =90% Point 


Vou - High-Level Output Voltage - V 


Ta — Free-Air Temperature — °C 





HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Voc =4.75 V 8 = 10% Point 
A =Mean 
O = 90% Point 


Ta — Free-Air Temperature —°C 
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tod — Propagation Delay Time — ns 


tod — Propagation Delay Time—ns_. 
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TICPAL22V10Z (continued) 


PROPAGATION DELAY TIME 
(l, VO to O, VO) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 

R1 = 300 2 

R2 = 390 O 

Cy. = 50 pF 
Zero-Power Mode 


oO = 10% Point 
4 =WMean 
© =90% Point 





20 40 60 80 100 


Ta —Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


O = 10% Point 
A =Mean 
© =90% Point 


Voo=4.75V 
R1 = 300 © 
R2 = 390 Q 
Cy = 50 pF 
Turbo Mode 





Ta — Free-Air Temperature — °C 


tod — Propagation Delay Time — ns 


tpd — Propagation Delay Time — ns 





PROPAGATION DELAY TIME 
(1, VO to 0, V0) 


vs 
FREE-AIR TEMPERATURE 


R1i = 3000 oO = 10% Point 
R2 = 390 Q 


Cy = 50 pF 4 = Mean 
Zero-Power Mode O = 90% Point 


~ 60 80 100 
Ta —Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(1, VO to 0, VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 8.5 V © = 10% Point 
Ri = 3002 


R2 = 3902 meen 
Cy = 50 pF O = 90% Point 


Turbo Mode 





Ta —Free-Alr Temperature — °C 





tsu - Setup Time — ns 


tsu — Setup Time — ns 








TICPAL22V10Z (continued) 


- SETUP TIME 
(Input or Feedback) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 © 


go =10% Point 
CL = 50 pF 4 =Mean 
Zero-Power Mode O =90% Point 


40 60 80 100 
Ta —Free-Air Temperature — °C 


SETUP TIME 
(Input or Feedback) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.765 V O = 10% Point 
R1 = 300 Q 


R2 = 390.0 fe neot 
Cy = 50 pF © = 90% Point 


Turbo Mode 





Ta —Free-Air Temperature — °C 


tsu — Setup Time — ns 


tsu — Setup Time — ns 





SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 


O = 10% Point 
R2 = 390 ©} 


CL - 50 pF A =WMean 
Zero-Power Mode © =90% Point 
40 60 80 100 
Ta —Free-Air Temperature —°C 


SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 


Voc =5.5V O = 10% Point 
R1 = 300 Q A =Mean 


R2 = 390 © 
C, = 50 pF Oo =90% Point 


Turbo Mode 





Ta — Free-Air Temperature — °C 
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TICPAL22V10Z (continued) 


PROPAGATION DELAY TIME 
(CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc =4.75 V Og = 10% Point 
R1 = 300 Q & =Mean 


R2 = 390 0 
CL = 50 pF — © =90% Point 


Zero-Power Mode 


tod — Propagation Delay Time — ns 





Ta — Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(CLK to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 5.5 V © = 10% Point 
R1 = 3002 . 

R2 = 3900 = a neen 

C_ = 60 pF © =90% Point 


Zero-Power Mode 


tod — Propagation Delay Time — ns 





Ta —Free-Alr Temperature -°C 
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tod — Propagation Delay Time — ns 


tod — Propagation Delay Time — ns 








TICPAL22V10Z (continued) 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 300 Q D = 10% Point 
R2 = 390 Q 
Ci = 50 pF 4 =Mean 
Zero-Power Mode O =90% Point 
40 60 80 100 
Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 0 = 10% Point 
R1 = 300 Q e 

R2 = 3900 meee 

Ci = 50 pF © =90% Point 
Turbo Mode 





Ta — Free-Air Temperature — °C 


tod — Propagation Delay Time —ns 


tpd — Propagation Delay Time — ns 








PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 
vs 
FREE-AIR TEMPERATURE 


R1 = 300 Q O =10% Point 
R2 = 3900 a 

Cy) = 50 pF =meal 
Zero-Power Mode O =90% Point 


20 40 60 80 100 


Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


VS 
FREE-AIR TEMPERATURE © 


Voc =5.5V Oo = 10% Point 
R1 = 3000 A =Mean 


R2 = 390 Q 
Cy. = 50 pF © =90% Point 


Turbo Mode 


Ta —Free-Air Temperature — °C 
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tsy- Setup Time — ns 


tsu — Setup Time — ns 
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TICPAL22V10Z (continued) 


SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 


R1 = 300 © = 10% Point! 
R2 = 390 © 


CL = 50 pF Same 
Zero-Power Mode O =90% Point 


40 60 80 100 
Ta —Free-Air Temperature — °C 


SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R1 = 3002 


R2 = 3900 A vemean 
C. = 50 pF O = 90% Point 


Turbo Mode 





Ta — Free-Alr Temperature — °C 


tsu — Setup Time —ns 


tsu — Setup Time — ns 





SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


Voc =5.5V 


Ri = 300 © © = 10% Point 
R2 = 390 © 


CL - 50 pF A =WMean 
Zero-Power Mode © = 90% Point 


40 60 80 100 
Ta — Free-Air Temperature — °C 


SETUP TIME 
(Asynchronous Reset Inactive) 


VS 
FREE-AIR TEMPERATURE 


Veo =5.5V O = 10% Point 
Ri = 300 Q A =Mean 


R2 = 390 © 
Cy. = 50 pF = 90% Point 


Turbo Mode 





Ta — Free-Air Temperature — °C 





tsu — Setup Time — ns 


tsu — Setup Time — ns 








TICPAL22V10Z (continued) 


SETUP TIME 
(Synchronous Preset Inactive) 


VS 
FREE-AIR TEMPERATURE 


Voc =4.76 V 

R1 = 300 Q D0 = 10% Point 
R2 = 3900 =M 

C, = 50 pF 4& =Mean 
Zero-Power Mode O = 90% Point 


” 60 80 100 
Ta — Free-Air Temperature — °C 


SETUP TIME 
(Synchronous Preset Inactive) 


VS 
FREE-AIR TEMPERATURE 


Voc = 4.75 V © = 10% Point 
R1 = 300 2 - 

R2 = 3900 £ mean 

Cy = 50 pF © = 90% Point 
Turbo Mode 





Ta — Free-Air Temperature — °C 


tsu — Setup Time — ns 


tsu — Setup Time — ns 








SETUP TIME 
(Synchronous Preset Inactive) 


; vs 
FREE-AIR TEMPERATURE 


R1 = 300 Q Q = 10% Point 
R2 = 3909 
CL - 50 pF A =Mean 
Zero-Power Mode © = 90% Point 
40 60 80 100 
Ta —Free-Air Temperature — °C 


SETUP TIME 
(Synchronous Preset Inactive) 


VS 
FREE-AIR TEMPERATURE 


Voc =5.5V OM = 10% Point 
Ri = 300 Q as 

R2 = 390.0 aonent 

CL = 50 pF O =90% Point 


Turbo Mode 


Ta —Free-Air Temperature — °C 
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TICPAL22V10Z (continued) 


DISABLE TIME DISABLE TIME 
(I, 1/0 to O, VO) (i, VO to O, VO) 
VS VS 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 








a” ® 
c e 
1 1 
= i 
2 2 
3 2 
& x) 
Q ras) 
i l 
2 & 
oO oO 
sand Voc = 4.75 V oo Voc =5.5V 
i = eed . © = 10% Point ds = wes . O =10% Point 
CO, =5 pF 4 = Mean Cy =5 pF & =Mean~ 
Zero-Power Mode O = 90% Point Zero-Power Mode © =90% Point 
20 40 60 80 100 20 40 60 80 100 
Ta — Free-Air Temperature — °C - Ta — Free-Air Temperature — °C 
DISABLE TIME DISABLE TIME 
(I, I/O to O, I/O) (I, 1/0 to O, VO) 
vs VS 
FREE-AIR TEMPERATURE . FREE-AIR TEMPERATURE 
Voc = 4.75 V 0 = 10% Point Voc =5.5V m = 10% Point 
Ri = 300 Q . R1 = 300Q - 
R2 = 390 © ann R2 = 390 © Sy aire 
CL = 5 pF © = 90% Point Cy =5 pF © =90% Point 
Turbo Mode Turbo Mode 
” ” 
c c 
| | 
as - 
= = 
a a 
2 2 
ra Q 
i | 
2 Y 
= - 
20 40 60 80° 100 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
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ten — Enable Time — ns 


TICPAL22V10Z (continued) 


ENABLE TIME 
(1, VO to 0, VO) 


ENABLE TIME 
(I, VO to O, VO) 


vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





ten — Enable Time — ns 





g 
| 
Ee 
® 
2 
o 
WW 
| 
c 
2 
Voc = 4.75 V Voc = 5.5V 
R1 = 300 © © = 10% Point R1 = 300 = 10% Point 
R2 = 390 O A =M R2 = 3900 A =M 
Cy = 50 pF Spa C, = 50 pF = Mean 
Zero-Power Mode O =90% Point Zero-Power Mode O = 90% Point 
40 60 80 100 20 40 60 80 100 
Ta —Free-Air Temperature — °C Ta —Free-Air Temperature —°C 
ENABLE TIME ENABLE TIME 
(I, /O to O, VO) (I, I/O to O, /O) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Voc = 4.76 V OD =10% Point Voc =5.5V Om = 10% Point 
R1 = 300 2 - R1 = 300 Q a 
R2 = 390 0 ane R2 = 390.0 oe 
C,. = 50 pF © =90% Point Ci = 50 pF O = 90% Point 
Turbo Mode Turbo Mode 
” 
c 
® 
E 
- 
2 
a 
e 
Lu 
5 





Ta — Free-Air Temperature — °C 





Ta —Free-Air Temperature — °C 
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4-150 


EP330 
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DEVICE INFORMATION 


EP330 
Te “TOCHNOIGGY vs.ctceptddpascaneeins CMOS 
2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 
3. Last Die Revision .............. A 
A: (BAY SIZS< wd ier esi saceeins 86 x 106 mils 
5. Still Air Thermal Impedance : 
PDIP PLCC 


6. Rega with Air Flow : 


FPM PDIP PLCC 





4-153 


QUALIFICATION INFORMATION 


The EP330 device is qualified using the accelerated qualification program. The following summaries give the required 
tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 
Required Tests and Results for EP330 


Package Type: 20 pin PDIP 
Die Lot Numbers: 0158622 and 0197535 


| | EXTENDED 
TEST — SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 413 HRS 129/0 
125°C Dynamic Op-Life 129/1 168 HRS 129/0 
130°C/85% RH HAST 129/1 100 HRS 129/0 200 HRS 129/0 
—65°C/150°C Thermal Shock 77/1 200 CYC 77/0 
Latchup 5/0 5/0 
ESD 3/0 2000 V 3/3! 
ESD 1000 V 3/0 


1. Device released on 1 kV ESD waver. 
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CHARACTERIZATION INFORMATION 


EP330 
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EP330 


SUPPLY CURRENT 
(Programmed as a 8-Bit Counter) 


vs 
FREE-AIR TEMPERATURE 


loc - Supply Current —mA 





Ta — Free-Air Temperature — °C 
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tpd — Propagation Delay Time —ns 


tod — Propagation Delay Time — ns 





EP330 (continued) 


PROPAGATION DELAY TIME 
(Input to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 


inverting Output 
R1 = 150 Q 
R2 = 82 


20 40 60 80 100 


Ta — Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(lO to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 
inverting Output 


R1 = 150 
R2 = 82Q 





Ta —Free-Air Temperature — °C 


tod — Propagation Delay Time —ns 


tod — Propagation Delay Time — ns 











PROPAGATION DELAY TIME 
(Input to Nonregistered Output Delay) 


VS 
FREE-AIR TEMPERATURE 


Non-Inverting Output 
Ri = 150 Q 
R2 = 82 


20 40 60 80 100 
Ta —Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(/O to Nonregistered Output Delay) 


VS 
FREE-AIR TEMPERATURE 


Non-inverting Output 
Ri = 1509 

R2 = 820 

Cy = 35 pF 


20 40 60 80 100 
Ta —Free-Air Temperature — °C 





4-157 





EP330 (continued) 


PROPAGATION DELAY TIME 
SETUP TIME (Clock Input to Registered Output Delay) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





” 

rad 

- - 

Psa) 

0] 

E 3 
= 

c 

s s 

B op 

| a. 
=| 

3 & 

! 

a] 

A 

TA — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
LOW-LEVEL OUTPUT VOLTAGE | HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
400 






Voi ~— Low-Level Output Voltage — mV 
iad 
an 


VOH — High-Level Output Voltage — V 


0 25 50 7 100 
Ta —Free-Air Temperature —°C Ta — Free-Air Temperature — °C 








4-158 


EP630 
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N — 


DEVICE INFORMATION 


EP630 

TOCNNOIGOY biavcuiaswesncdenaes CMOS 
Package Typ@S: .......0.-.eeee 24-pin plastic DIP, 

28-pin plastic PLCC 
Last Die Revision .............. F 
Bal SIZ0) van sapatrawicndie sews 108 x 134 mils 
Still Air Thermal Impedance : 

PDIP PLCC 


ReJA 


Rega with Air Flow : 


FPM PDIP PLCC 





4-161 


QUALIFICATION INFORMATION 


The EP630 deviceis qualified using the accelerated qualification program. The following summaries give the required 
tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 


Required Tests and Results for EP630 


Package Type: 24 pin PDIP 
Date Code: 031DL 

Die Lot Number: 0060736 

TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 1290/1 
~65°C/150°C Thermal Shock 77/1 
Latchup 5/0 
ESD 3/0 
ESD 


1. Device released on 1 kV ESD waver. 
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ENDPOINT 
433 HRS 
168 HRS 
100 HRS 
100 CYC 


2000 V 
1000 V 


RESULTS 
129/0 
129/0 
129/0 
77/0 

5/0 

3/3! 

3/0 


EXTENDED 
READPOINT 


1000 HRS 
200 HRS 
200 CYC 


RESULTS 


129/0 
129/0 
77/0 


CHARACTERIZATION INFORMATION 


EP630 
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EP630 


SUPPLY CURRENT SUPPLY CURRENT 
(Standby Mode) : (Turbo Mode) 
. v8 - VS 
FREE-AIR TEMPERATURE | FREE-AIR TEMPERATURE 








. r 
! ! 
= 2 
e & 
3 
72) 2) 
i i 
8 Oo 
= 2 
0 
-76 -50 -25 0 25 50 $75 100 125 ~75 ~-50 -25 0 25 50 $75 100 125 
Ta —Free-Alr Temperature — °C Ta —Free-Alr Temperature —°C 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
> > 
: g 
o 
g . 
$ > 
3 e 
3 6 
3 3 
> ® 
ae oud 
n £ 
z A 
— x 
| i 
3 S 
> > 
0 0 
-75 -50 -25 0 25 50 $75 100 125 -75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature —°C 
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tod — Propagation Delay Time —ns 








EP630 (continued) 





PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(input to Nonregistered Output Delay) (Input to Nonregistered Output Delay) 
Vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
R1 = 855 Q 
a 
Cc 
: 
= 
> 
& 
o 
Q 
20 Es S 
~ = 
& 
a 
; i. 
ao) 
= 
; Li 
§ 5 : 
-75 -§0 -25 0 25 50 $75 100 125 . -75 -50 -25 0 25 50 $75 100 125 
Ta —Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
PROPAGATION DELAY TIME 
(I/O Input to nonregistered Output delay) 
vs 


tod — Propagation Delay Time — ns 





FREE-AIR TEMPERATURE 


R1 = 855 Q 
R2 = 340 Q 
Cy. = 35 pF 


5 
-715 -50 -25 O 25 50 75 100 125 


Ta — Free-Air Temperature — °C 
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| EP630 (continued) | 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME | 








_(Asynchronous Output Clear Time) (Clock to Output Delay Time) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
= R1 = 855 Q 
R2 = 340 Q R2 = 340 Q 
% g 
. 
E E 
= > 
> @ 
& — 
o A 
a Cc 
5 | s 
3 a? a @ 
o 
a 
3 3 
5 5 
-75 -50 -25 0 25 50 $75 100 125 -~76 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C Ta — Free-Air Temperature — °C 
OUTPUT ENABLE TIME OUTPUT DISABLE TIME 
VS vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
R1 = 855 O 
R2 = 340 Q 
g g 
! 
E E 
- 
= 2 
2 
E 3 
Lu i 
3 5 
3 g 
I | 
5 5 
~75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 $75 100 125 
Ta — Free-Alr Temperature — °C Ta — Free-Air Temperature — °C 
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EP1830 
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aa 


| DEVICE INFORMATION 


EP1830 
TECHNCIODY sascssistaceaneenaxs CMOS 
Package Types: ...........566. 68-pin plastic PLCC 
Last Die Revision .............. C 
Bal OlZe a vive-b4onk eae eeewoeaee 305 x 133 mils 
Still Air Thermal Impedance : 
PLCC 


ReJA 
Rogc 


Roya with Air Flow : 
FPM PLCC 
100 
250 
500 
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QUALIFICATION INFORMATION _ 


The EP1830 device is qualified using the accelerated qualification program. The following summaries give the 
required tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 


Required Tests and Results for EP 1830 


Package Type: 68 pin PLCC 
Date Code: 129AL 
Die Lot Number: 1165252 
| EXTENDED 
TEST | SS/F ENDPOINT RESULTS READPOINT RESULTS 
125°C Dynamic Op-Life 77/0 1000 HRS 77/0 
~ 1380°C/85% RH HAST 129/1 100 HRS 129/0 200 HRS" 129/0 
~65°C/150°C Thermal Shock = =—s_- 77/1 100 CYC 7710 200 CYC 77/0 
~65°C/150°C Temp Cycle 77/1 1000 CYC 77/0 
Latchup | 5/0 5/0 
ESD 3/0 2000 V 3/3! 
ESD ) 1000 V 3/0 


1. Device released on 1 kV ESD waver. 
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MECHANICAL DATA 





FKO020 and FK028 ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid and 
braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050) centers. Terminals 
require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FK020 and FK028 
(28-pin used for illustration) 


OUTLINE | 7pNOAOF 
DESIGNATIONT 


9,09 | 7,80 9,09 
07 


8,69 
MS004CB (0.342) | (0.358) | (0.307) | (0.358) 
11,23 | 11,63 | 10,31 | 11,63 
MS004CC (0.442) | (0.458) | (0.406) | (0.458) 


T All dimensions and notes for the specified JEDEC outline apply. 


Index Comer 


0,51 (0.020) 
0,25 (0.010) 


0,51 (0.020) 
0,25 (0.010) 


1,40 (0.055) 


: 1,1 
1,14 (0.045) c 08 
fe 


exoge Jk] | al L$ seo =e" 


0,56 (0.022) 0,89 (0.035) re 
1,27 (0.050) TP. ET 63 064} 


4 (0.045 
9 (0.035) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 








wy 
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‘MECHANICAL DATA 





FNO020 and FNO28 plastic chip carrier packages 


Each of these chip carrier packages consists of a circuit mounted on a lead frame and enncapsulated within an 
electrically nonconductive plastic compound: The compound withstands soldering temperatures with no 
deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The package is intended for surface mounting on 1,27 (0.050) centers. Leads require 
no additional cleaning or processing when used in soldered assembly. 


FNO020 and FNO28 
(20-pin package used for illustration) 


D3 (see Note B) (see Note D) 


|+|0,18 (0.007) ©) BO | 0-E@ , eatin 
TL] (0.002 InvIN» [8 0,51 (0.020) R. MAX 


3 Places 
1,22 (0.048) > places 1,42 (0.056 
4,07 (0.042) 1,07 (0.042) abe ooze 
0,81 (0.032) +p 
0,66 (0.026) : 
| [0,18 (0.007) @| 8©| AG 
2 Sides (see Note E) 


R. TYP 


Do, Ep 
(see Note F) 
1,27 ace. TP. (see Note F) 

43) 


+ 10,38 (0.015) Q]D-E@ 
+ {0,38 (0.015) @| F-a@)| 


) 


(see Note C) 


O 
2 
° 
= 


(see 


0,51 (0.020) MIN 


0,36 (0.014 a 
0,20 (0.008) (Includes Lead Finish) 


Sum of Dam Bar Protrusions 
to be 0,18 (0.007) Maximum 
Per Lead 


0,33 (0.013) 0,64 (0.025) MIN 
+ [0,18 (0.007) BI] F-GGQ) 
0,18 (0.007) (| D-E ©) 
(see table on following page for additional dimensions) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AB. Dimensions and tolerancing are per ANSI Y14.5M — 1982. 
B. Dimensions Dy and Ej do not include mold flash protrusion. Protrusion shall not exceed 0,25 (0.010) on any side. Centerline of center 
pin each side is within 0,10 (0.004) of package centerline by dimension B. The lead contact points are planar within 0,10 (0.004). 


. Datums and for center leads are determined at datum [-H-] 


. Datum is located at top of leads where they exit plastic body. 


. Location of datums and to be determined at datum [-H-]. 
. Determined at seating plane [-c-]. 





nmmoo 
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MECHANICAL DATA 





FNO20 and FN028 plastic chip carrier packages (continued) 
vedeo. [NOOF[ A | Ar —-«i| SETS EY —S«dYSC ED —«|CS ES | 
ouruine | pins [ MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | BASIC | 
icezna7an 419 | 4,57 | 2,29 | 305 | 9,78 | 1003 | 889 | 9,04 | 7,37 8,38 | 5,08 
(0.165) | (0.180) | (0.090) | (0.120) | (0.385) {| (0.395) | (0.350) | (0.356) | (0.290) | (0.330) | (0.200) 
MO-047AB 28 4,19 4,57 2,29 3,05 12,32 12,57 11,43 11,58 9,91 10,92 7,62 
° (0.165) | (0.180) | (0.090) | (0.120) | (0.485) | (0.495) | (0.450) | (0.456) | (0.390) | (0.430) | (0.300) 


NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AB. Dimensions and tolerancing are per ANS! Y14.5M — 1982. 


F. Determined at seating plane [-c-] 
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MECHANICAL DATA 





J020 ceramic dual-in-line package 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows on 
7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-coated leads require no additional cleaning or processing when 


used in soldered assembly. 


24,76 (0.975) 
23,62 (0.930) 


0,63 (0.025) 


7,37 (0.290) 


7,62 (0.300) 
6,22 (0.245) 


1,27 (0.050) NOM 
3,30 (0.130) 
MIN 


le 0,36 (0.014) 9.305 (0.012) MIN + 
0,20 (0.008) 4 Places 
20 Places 
(see Notes B & C) 


| 0,69 (0.027) MIN . 
16 Places 
Pin Spacing 
2,54 (0.100) T. P. 


(see Note A) 0,38 (0.015) 


4 Places 


1.78 (0.070) MAX 20 Places 


1,27 (0.050 


Glass 
Sealant 


= 0,58 (0.023) 


0,38 (0.015) 
20 Places 
(see Notes B & C) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 





C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the seating 


plane 
D. The window is present only on UV-eraseable products. 
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MECHANICAL DATA 


JT024 and JT028 ceramic dual-in-line packages 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows on 
7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-coated leads require no additional cleaning or processing when 
used in soldered assembly. 


JT024 and JT028 
(24-pin package used for illustration) 


WINDOW 
(see Note B) 


5,08 (0.200) MAX 
7,37 (0.290) 7,62 (0.300) : 0,38 (0.015) MIN 
6,22 (0.245) 1,78 (0.070) 54 py 
1,27 (0.050) NOM 0,76 (0.030) si 
GLASS 
3,30 (0.130) MIN a SEALANT 


105° 


90 
0,69 (0.027) MIN 
24 Places 0,58 (0.023) 7 Bile 24 Places 
0,38 (0.015) 


0,36 (0.014) Pin Spacing 


0,20 (0.008) 2.54 (0.100) T.P. 24 Places 2,54 0.100) MAX 
24 Places (See Note A) 4 Places 


32,51 | 37,95 
1.280) | (1.480 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. The window is present only on UV-eraseable products. 





wy 
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- MECHANICAL DATA 





N020 300-mil plastic dual-in-line package 


This dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 7,62 (0.300) centers . Once the leads are compressed and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning 
or processing when used in soldered assembly. 


Designation per JEDEC Std 30: 
PDIP-T20 


7,87 (0.310) 


24,77 (0.975) 
re | mae 0,51 an .020) 23,22 SEE Ort 914) 4 
; 1,78 (0.070) MAX 20 Places 


6,61 (0.260) 
5,08 (0.200) MAX ee ie 


Seating 


0,84 (0.033) MIN 


105° Plane 
90° 
20P 0,36 (0.014 16 PI 
laces _»\le- BoE COTO oT, 3:94 (0.155) + aces 


20Places 9117 (0.125) Pin Spacing 2,54 (0.100) T.P. 
(see Notes B and C) 1,68 (0.066) (see Note A) 0,533 (0.021) 
0,22 (0.009) 0,381 EO 015) 
4 Places 20 Places 
25,40 (1.000) (see Notes B and C) 
23,62 (0.930) 
1,91 (0.075) 0,51 a Alternate Side View 
l- orto o4or 1,02 (0.040) IN —>| |© 1,78 (0.070) MAX 20 Places 


4 Places c | ae, 
VIEW A 5,08 (0.200) MAX 





parts may have pin 1 as shown in view 3,94 (0.155) }— 16 Places 
A. Alternate-side-view parts 3,17 (0.125) 


manufactured outside of the USA Pin Spacing 2,54 (0.100) T.P. eo 0.021 
may have a maximum package length 1,27 (0.050 (see Note A) 0, ELIT (0.015) 
of 26,7 (1.050). 0,38 (0.015) 20 Places 


4 Places (see Notes B and C) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Parts may be supplied in accordance 
with the alternate side view at the 
option of TI. European-manufactured Ir 0,84 (0.033) MIN 


NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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B. This dimension does not apply for solder-dipped leads. 


C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 


TE et AE a a Nn OE gO a STENT OM) IR oak! | 
N028 600-mil plastic dual-in-line package 


This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional 
cleaning or processing when used in soldered assembly. 


+ 36,6 (1.440) MAX 
28 15 


13,97 (0.550) MAX 


15,49 (0. 610) me 
14,99 (0.590) 5,08 (0.200) MAX 
0,51 (0.020) MIN 1,40 (0.055) NOM 


ST 
en Tu uu uo ug gd uo gd ad og ou 
eatun 
105° Blake” - 
"90° 0,54 (0.021) 
0,36 (0.014) —ple— 0,38 (0. ECYOLS —>||}- 1,78 (0.070) 
0,20 (0.008) 28 Places 0,76 (0.030) 


So Places (see Notes B & C) 4Places 3, 17(0.125) MIN 
(eee Notes B & C) 0,84 (0.033) MIN 
Pin Spacing 2,54 (0.100) T.P. 
(see Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 


NT024 300-mil plastic dual-in-line package 


This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning 
or processing when used in soldered assembly. 


we 
31,8(1.250) 
Me 28,6 (1.125) andl 
a 24 13 


index Mark 


7,87 (0.310) 
7,37 (0.290) 


7,1 (0.280) MAX ae Ae ote) 


78 (0.070 
4 — 114 w 04st 24 Places 


24 Places 
4,06 (0.160 0,533 (0. 021) _,| 
0,36 0. 014) = 3,17 (0.125) 0,381 (0.015) 


0,25 (0. at 


B and C 
(see Notes B and C) (see Notes B a ) 


2,16 (0.085) 1,14 (0.045) MIN 
0,71 (0.028) 24 Places 

4 Places Pin Spacing 2,54 (0,100) T.P. 
(see Note A) © 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 





W020 ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap anda lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


w020 


0,152 (0.006) 0,483 (0.019) 
0,076 (0.003) a 0,381 (0.015) 7 


20 Leads 20 Leads 


al 


= \- 1,27 (0.050) NOM 


18 Places 


| | | | | | | (see Note A) 
ei i, ’ EET, ’ MEE, SER 


9,40 (0.370) 
6,35 (0.260) 


7,37 (0.290) 
* (see Note B) 


30,5 (1.200) 7,11 (0.280) 
18,9 (0.744) 6,60 (0.260) 


2,34 (0.092) 
1,14 (0.045) 


9,40 (0.370) 
6,35 (0.250) 


1,02 (0.040) | 1,14 (0.045) 
0,25 (0.010) 0,13 (0.005) 
4 Places 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 





wo24 ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap anda lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


W024 0,483 (0.019) 
0, 0.361 (0.015) (0.015) 1,27 (0.050) T.P. 
Saee tooo ue . etd 24 Leads (see Note D Mv eee — 
(0.003) 1,27 (0.050) (see Note aa 
24 Leads 


0,25 (0.010 
(see Note D) 4 a25 @a10 


10,16 (0.400) 
6,96 (0.275) 


10,16 (0.400) 
(see Note B) | 


24,1 (0.950) Be assy 


ula gz piss i” | 
2,16 (0.085) 
7,39 (0.055) 
10,16 (0.400) 
| 6,96 (0.275) 


1,27 (0.050) 
0,71 (0.026) 


12 





16,2 (0.635) MAX 


Falls Within JEDEC MO-019AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
. This dimension determines a zone within which all body and lead irregularities lie. 
. Index point is provided on cap for terminal identification only. 


. Notapplicable for solder-dipped leads. When solder-dipped leads are specified, dipped area extends from lead tip to within 1,27 (0.050) 
of the package body. 


Og @ 
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Notes 





Notes 





Notes 


Notes 












TI North 
Offices 


ALABAMA: Huntsville: (205) 837-7530 
ARIZONA: Phoenix: (602) 995-1007 


CALIFORNIA: irvine: (714) 660-1200 
San Diego: (619) 278-9600 

Santa Clara: (408) 980-9000 
Woodland Hills: (818) 704-8100 


COLORADO: Aurora: (303) 368-8000 
CONNECTICUT: Wallingford: (203) 269-0074 


FLORIDA: Altamonte Springs: (407) 260-2116 
Fort Lauderdale: (305) 973-8502 
Tampa: (813) 885-7588 


GEORGIA: Norcross: (404) 662-7967 
ILLINOIS: Arlington Heights: (708) 640-3000 


INDIANA: Carmel: (317) 573-6400 
Fort Wayne: (219) 489-4697 


KANSAS: Overland Park: (913) 451-4511 
MARYLAND: Columbia: (410) 964-2003 
MASSACHUSETTS: Waltham: (617) 895-9100 
MICHIGAN: Farmington Hills: (313) 553-1581 
. MINNESOTA: Eden Prairie: (612) 828-9300 
MISSOURI: St. Louis: (314) 821-8400 

NEW JERSEY: Iselin: (908) 750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 


NEW YORK: East Syracuse: (315) 463-9291 
Fishkill: (914) 897-2900 

Melville: (516) 454-6600 

Pittsford: (716) 385-6770 


NORTH CAROLINA: Charlotte: (704) 527-0930 
Raleigh: (919) 876-2725 


OHIO: Beachwood: (216) 765-7258 
Beavercreek: (513) 427-6200 


OREGON: Beaverton: (503) 643-6758 
PENNSYLVANIA: Blue Bell: (215) 825-9500 
PUERTO RICO: Hato Rey: (809) 753-8700 
TEXAS: Austin: (512) 250-6769 

Dallas: (214) 917-1264 

Houston: (713) 778-6592 

Midland: (915) 561-7137 

UTAH: Salt Lake City: (801) 466-8972 
WISCONSIN: Waukesha: (414) 798-1001 


CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 
St. Laurent: (514) 335-8392 


TI Regional 
Technology 
Centers 


CALIFORNIA: Irvine: (714) 660-8140 
Santa Clara: (408) 748-2222 


GEORGIA: Norcross: (404) 662-7945 
ILLINOIS: Arlington Heights: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 
CANADA: Nepean: (613) 726-1970 











Customer 
Response Center 


TOLL FREE: (800) 336-5236 
OUTSIDE USA: (214) 995-6611 
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TI Authorized 
American Sales |North American 
Distributors 


















(8:00 a.m. — 5:00 p.m. CST) 







Alliance Electronics, Inc. (military product only) 
Almac/Arrow 
Anthem Electronics 
Arrow/Schweber 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshail Industries 
Newark Electronics 
Rochester Electronics, Inc. 
(obsolete product only (508) 462-9332) 
Wyle Laboratories 
Zeus Components 


TI Distributors 


ALABAMA: Arrow/Schweber (205) 837-6955; Hall-Mark 
(205) 837-8700; Marshall (205) 881-9235. 

ARIZONA: Anthem (602) 966-6600; Arrow/Schweber (602) 
437-0750; Hall-Mark (602) 431-0030; Marshall (602) 
496-0290; Wyle (602) 437-2088. 

CALIFORNIA: Los Angeles/Orange County: Anthem 
(818) 775-1333, (714) 768-4444; Arrow/Schweber (81 ® 
380-9686, (714) 838-5422; Hall-Mark (818) 773-4500, (714) 
727-6000; Marshall (818) 878-7000, (714) 458-5301; Wyle 
tate 880-9000, (714) 863-9953; Zeus (714) 921-9000, 
818) 889-3838; 

Sacramento: Anthem (916) 624-9744; Hall-Mark (916) 
624-9781; Marshall (916) 635-9700; Wyle (916) 638-5282; 
San Diego: Anthem (619) 453-9005; Arrow/Schweber 
(619) 565-4800; Hall-Mark (619) 268-1201; Marshall (619) 
578-9600; Wyle (619) 565-9171; Zeus (619) 277-9681. 
San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Schweber (408) 441-9700, (510) 490-9477; 
Hall-Mark (408) 432-4000; Marshall (408) 942-4600; 

Wyte (408) 727-2500; Zeus (408) 629-4789. 
COLORADO: Anthem Ore 790-4500; Arrow/Schweber 
(303) 799-0258; Hall-Mark (303) 790-1662; Marshall (303) 
451-8383; Wyle (303) 457-9953. 

CONNECTICUT: Anthem (203) 575-1575; Arrow/Schweber 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall (203) 
265-3822. 

FLORIDA: Fort Lauderdale: Arrow/Schweber (305) 
429-8200; Halll-Mark (305) 971-9280; Marshall (305) 
977-4880. 

Orlando: Arrow/Schweber (407) 333-9300; Hall-Mark (407) 
830-5855; Marshall (407) 767-8585; Zeus (407) 788-9100. 
Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399. 

GEORGIA: Arrow/Schweber (404) 497-1300; Hall-Mark 
(404) 623-4400; Marshall (404) 923-5750. 

ILLINOIS: Anthem (708) 884-0200; Arrow/Schweber (708) 
250-0500; Hail-Mark (312) 860-3800; Marshall (708) 
490-0155; Newark (312)784-5100. 

INDIANA: Arrow/Schweber (317) 299-2071; Hall-Mark 
(317) 872-8875; Marshall (317) 297-0483. 

IOWA: Arrow/Schweber (319) 395-7230. 


KANSAS: Arrow/Schweber (913) 541-9542; Hall-Mark 
(913) 888-4747; Marshall (913) 492-3121. 

MARYLAND: Anthem (301) 995-6640; Arrow/Schweber 
(301) 596-7800; Hall-Mark (301) 988-9800; Marshall (301) 
622-1118; Zeus (301) 997-1118. 

MASSACHUSETTS: Anthem (508) 657-5170; 
Arrow/Schweber (508) 658-0900; Hall-Mark (508) 
667-0902; Marshall (508) 658-0810; Wyle (617) 272-7300; 
Zeus (617) 246-8200. 
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MICHIGAN: Detroit: Arrow/Schweber (313) 462-2290; 
Hall-Mark (313) 416-5800; Marshall (313) 525-5850; 
Newark (313) 967-0600. 

MINNESOTA: Anthem (612) 944-5454; Arrow/Schweber 
(612) 941-5280; Hall-Mark (612) 881-2600; Marshall (612) 
559-2211. 

MISSOURI: Arrow/Schweber tery 567-6888; Hall-Mark 
(314) 291-5350; Marshall (314) 291-4650. 

NEW JERSEY: Anthem (201) 227-7960; Arrow/Schweber 
09} 227-7880, (609) 596-8000; Hall-Mark (201) 515-3000, 
609) 235-1900; Marshall (201) 882-0320, (609) 234-9100. 
NEW MEXICO: Alliance (505) 292-3360. 

NEW YORK: waa istand: Anthem P12) 864-6600; 
Arrow/Schweber (516) 231-1000; Hall-Mark (516) 
737-0600; Marshall (516) 273-2424; Zeus (914) 937-7400. 
Rochester: Arrow/Schweber (716) 427-0300; Hall-Mark 
(716) 425-3300; Marshall (716) 235-7620. 

Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Schweber (919) 876-3132; 
Hall-Mark (919) 872-0712; Marshall (919) 878-9882. 
OHIO: Cleveland: Arrow/Schweber (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788. 
Columbus: Hall-Mark (614) 888-3313. 

Dayton: Arrow/Schweber (513) 435-5563; Marshall (513) 
898-4480; Zeus (513) 293-6162. 

OKLAHOMA: Arrow/Schweber (918) 252-7537; Hall-Mark 
(918) 254-6110. 

OREGON: Almac/Arrow (503) 629-8090; Anthem (503) 
643-1114; Marshall (503) 644-5050; Wyle (503) 643-7900. 
PENNSYLVANIA: Anthem (215) 443-5150; 
Arrow/Schweber (215) 928-1800; GRS (215) 922-7037; 
(609) 964-8560; Marshall (412) 788-0441. 

TEXAS: Austin: Arrow/Schweber (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; Wyle 
(512) 345-8853; 

Dallas: Anthem (214) 238-7100; Arrow/Schweber (214) 
380-6464; Hail-Mark (214) 553-4300; Marshall (214) 
233-5200; Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark 
(713) 781-6100; Marshall (713) 467-1666; Wyle (713) 
879-9953. 

UTAH: Anthem a 973-8555; Arrow/Schweber (801) 
973-6913; Marshall (801) 973-2288; Wyle (801) 974-9953. 
WASHINGTON: Almac/Arrow (206) 643-9992, Anthem 
(206) 483-1700; Marshall (206) 486-5747; Wyle (206) 
881-1150. 

WISCONSIN: Arrow/Schweber (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: Arrow/Schweber (514) 421-7411; Future (514) 
694-7710; Marshall (514) 694-8142 

Ottawa: Arrow/Schweber (613) 226-6903; Future (613) 
820-8313. 

Quebec: Future (418) 897-6666. 

Toronto: Arrow/Schweber Sie 670-7769; 

Future (416) 612-9200; Marshall (416) 458-8046. 
Vancouver: Arrow/Schweber (604) 421-2333; 

Future (604) 294-1166. 










































































































































TI Die Processors 
























Chip Supply (407) 298-7100 
Elmo Semiconductor (818) 768-7400 
Minco Technology Labs (512) 834-2022 

















_{ Worldwide - 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite 150, Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, (602) 995-1007. 


CALIFORNIA: Irvine: 1920 Main Street, Suite 900, 
Irvine, CA 92714, (714) 660-1200; 

San Diego: 5625 Ruffin Road, Suite 100, 

San Diego, CA 92123, (619) 278-9600; 

Santa Clara: 5353 Betsy Ross Drive, 

Santa Clara, CA 95054, (408) 980-9000; 
Woodland Hills: 21550 Oxnard Street, Suite 700, 
Woodland Hills, CA 91367, (818) 704-8100. 


COLORADO: Aurora: 1400 S. Potomac Street, Suite 101, 
Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
So., Wallingford, CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake 
Boulevard, Suite 1008, Altamonte Springs, FL 32701, 
(407) 260-2116; : 

Fort Lauderdale: 2950 N.W. 62nd Street, 

Suite 100, Fort Lauderdale, FL 33309, 

(305) 973-8502; Tampa: 4803 George Road, Suite 390, 
Tampa, FL 33634-6234, (813) 885-7588. 


GEORGIA: Norcross: 5515 Spalding Drive, 
Norcross, GA 30092-2560, (404) 662-7967. 


ILLINOIS: Arlington Heights: 515 West Algonquin, 
Arlington Heights, IL 60005, (708) 640-6925. 


INDIANA: Carmel: 550 Congressional Drive, Suite 100, 
Carmel, IN 46032, (317) 573-6400; 

Fort Wayne: 103 Airport North Office Park, 

Fort Wayne, IN 46825, (219) 489-4697. 


KANSAS: Overland Park: 7300 College Boulevard, 
Lighton Plaza, Suite 150, Overland Park, KS 66210, 
(913) 451-4511. 


MARYLAND: Columbia: 8815 Centre Park Drive, 
Suite 100, Columbia, MD 21045, (410) 964-2003. 


MASSACHUSETTS: Waltham: Bay Colony Corporate 
Center 950 Winter Street, Suite 2800, Waltham, MA 02154, 
(617) 895-9100. 


MICHIGAN: Farmington Hitls: 33737 W. 12 Mile Road, 
Farmington Hills, MI 48018, (313) 553-1581, 


MINNESOTA: Eden Prairie: 11000 W. 78th Street, 
Suite 100, Eden Prairie, MN 55344, (612) 828-9300. 


MISSOURI: St. Louis: 12412 Powerscourt Drive, 
Suite 125, St. Louis, MO 63131, (314) 821-8400. 


NEW JERSEY: Iselin: Metropolitan Corporate Plaza, 485 
Bidg E. U.S. 1 South, Iselin, NJ 08830, (908) 750-1050. 


NEW MEXICO: Albuquerque: 2709 J. Pan American 
Freeway, N.E., Albuquerque, NM 87101, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Drive, 
East Syracuse, NY 13057, (315) 463-9291; 

Fishkill: 300 Westage Business Center, Suite 140, 
Fishkill, NY 12524, (914) 897-2900; 

Melville: 48 South Service Road, Suite 100, Melville, NY 
11747, (516) 454-6601; 

Pittsford: 2851 Clover Street, Pittsford, NY 14534, 
(716) 385-6770. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Suite 100, Charlotte, NC 28217, (704) 527-0930; 
Raleigh: 2809 Highwoods Boulevard, Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 
Beachwood, OH 44122-5875, (216) 765-7258; 
Beavercreek: 4200 Colonel Glenn Highway, Suite 600, 
Beavercreek, OH 45431, (513) 427-6200. 


OREGON: Beaverton: 6700 S.W. 105th Street, 

Suite 110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, 

Suite 200, Blue Bell, PA 19422, (215) 825-9500. 

PUERTO RICO: Hato Rey: 615 Mercantile Plaza Building, 
Suite 505, Hato Rey, PR 00919, (809) 753-8700. 


TEXAS: Austin: 12501 Research Boulevard, 

Austin, TX 78759, (512) 250-6769; 

Dallas: 7839 Churchill Way, Dallas, TX 75251, 

(214) 917-1264; 

Houston: 9301 Southwest Freeway, Commerce Park, Suite 
360, Houston, TX 77074, (713) 778-6592; 

Midland: FM 1788 & 1-20, Midland, TX 79711-0448, 

(915) 561-7137. 
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UTAH: Salt Lake City: 2180 South 1300 East, Sute 335, 
Salt Lake City, UT 54106, (801) 466-8972. 


WISCONSIN: Waukesha: 20825 Swenson Drive, 
Suite 900, Waukesha WI 53186, (414) 798-1001. 


CANADA: Nepean: 301 Moodie Drive, Suite 102, Mailom 
Center, Nepean, Ontario, Canada K2H 9C4, 
613) 726-1970; a? 

ichmond Hill: 280 Centre Street East, Richmond Hill, 
Ontario, Canada L4C 1B1, (416) 884-9181; 
St. Laurent: 9460 Trans Canada Highway, St. Laurent, 
Quebec, Canada H4S 1R7, (514) 335-8392. 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd., 6-10 Talavera Road, North Ryde (Sydney), 
New South Wales, Australia 2113, 2-878-9000; 14th Floor, 
380 Street, Kilda Road, Melbourne, Victoria, Australia 3004, 
3-696-1211; 171 Philip Highway, Elizabeth, South Australia 
5112, 8 255-2066. 


BELGIUM: Texas Instruments Belgium S.A./N.V., 
Avenue Jules Bordetiaan 11, 1140 Brussels, Belgium, 
(02) 242 30 80. 


BRAZIL: Texas Instruments Electronicos do Brasil Ltda., 
Av. Eng. Luiz Carlos Berrini 1461-110 andar, 04571, 
Sao Paulo, SP, Brazil, 11-535—-5133. 


DENMARK: Texas Instruments A/S, Borupvang 2D, 
2750 Ballerup, Denmark, (44) 68 74 00. 


FINLAND: Texas Instruments OY, Ahertajantle 3, 
P.O. Box 86, 02321 Espoo, Finland, (0) 802 6517. 


FRANCE: Texas Instruments France, 8-10 Avenue 
Morane-Sauinier, B.P. 67, 78141 Velizy Villacoublay Cedex, 
France, (1) 30 70 1003. 


GERMANY: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 Freising, (08161) 80-0; 
Kurfurstendamm 195-196, 1000 Berlin 15, (030) 8 82 73 65; 
Dusseldorfer Strasse 40, 6236 Eschborn 1, (06196) 80 70; 
Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 68-0; 
Maybachstrasse II, 7302 Ostfildern 2 (Nellingen), 
0711) 3403257; Gildehofcenter, Hollestrasses 3, 4300 
ssen 1, (0201) 24 25-0. 


HOLLAND:. Texas Instruments Holland B.V., Hogehilweg 
19, Postbus 12995, 1100 AZ Amsterdam-Zuidoost, Holland, 
(020) 5602911. 


HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Center, 7 Canton Road, Kowloon, 
Hong Kong, 737-0338. 


HUNGARY: Texas Instruments Representation, Budaorsi 
ut.42, 1112 Budapest, Hungary, (1) 1 66 66 17. 


IRELAND: Texas Instruments Ireland Ltd., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 755233. 


ITALY: Texas Instruments Italia S.p.A., Centro Direzionale 
Colleoni, Palazzo Perseo-Via Paracelso 12, 20041 Agrate 
Brianza (Mi), Italy, (039) 63221; Via Castello della Magliana, 
38, 00148 Roma, Italy (06) 6572651; Via Amendola, 17, 
40100 Bologna, Italy (051) 554004. 


JAPAN: Texas Instruments ya Ltd., Aoyama Fuji 
Building 3-6-12 Kita-Aoyama Minato-ku, Tokyo, Japan 107, 
03-498-2111; MS Shibaura Building 9F, 4-13-23 Shibaura, 
Minato-ku, Tokyo, Japan 108, 03-769-8700; Nissho-iwai 
Building 5F, 2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541, 
06-204-1881; Dai-ni Toyota Building Nishi-kan 7F, 4-10-27 
Meieki, Nakamura-ku, Nagoya, Japan 450, 052-583-8691; 
Kanazawa Oyama-cho Daiichi Seimei Building 6F, 3-10 
Oyama-cho, Kanazawa, Ishikawa, Japan 920, 
0762-23-5471; Matsumoto Showa Building 6F, 1-2-11 
Fukashi, Matsumoto, Nagano, Japan 390, 0263-33-1060; 
Daiichi Olympic Tachikawa Building 6F, 1-25-12, 
Akebono-cho, Tachikawa, Tokyo, Japan 190, 
0425-27-6760; Yokohama Business Park East Tower 10F, 
134 Goudo-cho Hodogaya-ku, Yokohama-shi, Kanagawa, 
Japan 240, 045-338-1220; Nihon Seimei ee Yasaka 
Building 5F, 843-2, Higashi Shiokohji-cho, Higashi-iru, 
Nishinotoh-in, Shiokohji-dori, Shimogyo-ku, Kyoto, Japan 
600, 075-341-7713; Sumitomo Seimei Kumagaya Building 
8F, 2-44 Yayoi, Kumagaya, Saitama, Japan 360, 
0485-22-2440; 2597-1, Aza Harudai, Oaza Yasaka, Kitsuki, 
Oita, Japan 873, 09786-3-3211. 


KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159, Samsung-Dong, Kangnam-ku Seoul, Korea, 2 
551-2800. 
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MALAYSIA: Texas Instruments Malaysia, Sdn. Bhd., Asia 
Pacific, Lot 36.1 #Box 93, Menara Maybank, 100 Jalan Tun 
Perak, 50050 Kuala Llumpur, Malaysia, 2306001. . 


MEXICO: Texas Instruments de Mexico S.A., de C.V., 
Alfonso Reyes 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06170, 5-515-6081. 


NORWAY: Texas instruments Norge A/S, P.B. 106, Refstad 
(Sinsenveien 53), 0513 Oslo 5, Norway, (02) 155 090. 


PEOPLE’S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 CITIC 
Building, 19 Jianguomenwai Dajie, Beijing, China, 
500-2255, Ext. 3750. 


PHILIPPINES: Texas Instruments Asia Ltd., 
Philippines Branch, 14th Floor, Ba-Lepanto Building, 
Paseo de Roxas, Makati, Metro Manila, Philippines, 
2-8176031. 


PORTUGAL: Texas instruments Equipamento Electronico 
(Portugal) Ltda., Ing. Frederico Ulricho, 2650 Moreira Da 
Maia, 4470 Maia, Portugal (2) 948 1003. 


SINGAPORE (& INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas instruments Singapore (PTE) Ltd., 
Asia Pacific, 101 Thomson Road, #23-01, 

United Square, Singapore 1130, 3508100. 


SPAIN: Texas instruments Espana S.A., c/Gobelas 43, 
Urbanizasion, La Florida, 28023, Madrid, Spain, (1) 372 
Se ala aslt 279-3-5, 08007 Barcelona, Spain, (3) 
3179 ; 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), Isafjordsgaton, Box 30, S-164 
93 Kista, Sweden, (08) 752 58 00. 


SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6, C8953 Dietikon, Switzerland, 

(01) 744 2811. 

TAIWAN: Texas Instruments Taiwan Limited, Taipei 
Branch, 10th Floor Bank Tower, 205 Tung Hwa N. Road, - 
Taipei, Taiwan, 10592 Republic of China, 2-7139311. 
TURKEY: Texas Instruments, OSEG MidEast Regional 
Marketing Office, Karum Center, Suite 442, tran Caddesi 
21, 06680 Kavakiidere, Ankara, Turkey, 4-468-0155. 
UNITED KINGDOM: Texas Instruments Ltd., Manton Lane, 
Bedford, England, MK41 7PA, (0234) 270 111. 








TI Authorized 
North American 
Distributors 


Alliance Electronics, Inc. (military product only) 
Aimac/Arrow 

Anthem Electronics 

Arrow/Schweber 

Future Electronics (Canada) 

GRS Electronics Co., Inc. * 

Hall-Mark Electronics 

Marshall Industries 

Newark Electronics * 

Wyle Laboratories 

Zeus Components 

Rochester Electronics, Inc. (obsolete product only) 


*Not authorized for TI military products 
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